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THE  NEW  YORK  ACADEMY  OF  SCIENCES 

SECTION  OF  GEOLOGY  AND  MINERALOGY 

BIOGEOLOGICAL  RECONNAISSANCE  IN  THE  BIMINI  AREA, 

GREAT  BAHAMA  BANK* 

By  Norman  D.  Newell  and  John  Imbtie 

The  American  Museum  of  Natural  History,  and  Columbia  University, 

New  York,  N.  Y. 

Introdticticat 

One  of  the  ultimate  objectives  of  research  in  paleontology  is  the 
accurate  reconstruction  of  ancient  organic  environments.  To  accomplish  | 

this  goal  the  paleontologist  must,  of  course,  be  conversant  with  funda-  ^ 

mentals  of  appropriate  branches  of  physical  and  biological  geology,  and  i 

he  must  have  both  theoretical  and  practical  knowledge  of  ecological  f 

principles.  To  date,  the  literature  which  covers  the  special  ecological 
needs  of  the  earth  historian  is  meager.  The  paleoecologist  employs 
techniques  and  tools  that  are  unknown  to  the  ecologist,  and  he  is  limited 
in  scope  by  the  special  nature  of  his  materials. 

One  of  the  primary  objectives  in  undertaking  the  present  series  of 
investigations  is  to  learn  about  the  limitations  of  paleontological  materi¬ 
als  for  ecological  interpretation.  In  this  regard,  the  Great  Bahama  Bank 
is  particularly  instructive  because  of  the  clarity  of  the  waters  which 
permit  inspection  of  the  bottom  from  the  surface,  from  the  air,  and  in¬ 
directly  by  means  of  stereoscopic  aerial  photographs.  The  bottom  is 
generally  sufficiently  shallow  to  be  accessible  for  direct  study  and 
underwater  photography  with  the  aid  of  simple  diving  equipment.  Further¬ 
more,  many  of  the  species  of  invertebrates  now  living  in  the  Bahamas 
are  well  represented  in  Pleistocene  fossil  faunas  of  the  limestone  cays. 

These  provide  data  for  the  evaluation  of  qualitative  and  quantitative 
differences  between  fossil  and  living  faunas  and  of  the  changes  ex- 
Iperienced  by  skeletal  parts  after  death. 

j  A  general  conclusion  from  our  work  is  that  geological  and  ecological 
conditions  around  Bimini  are  in  many  ways  closely  comparable  to  those 
studied  in  other  parts  of  the  Bahamas  by  Newell  and  his  associates 
(Newell,  et  al.,  1951;  and  Newell  and  Rigby,  in  press),  by  filing  (1954), 
and  by  Doran  (1955).  This  suggests  that  general  conclusions  based  on 
observations  in  the  Bimini  area  will  probably  be  applicable  to  the 
Bahamas  as  a  whole.  There  are  characteristic  differences,  however, 
between  leeward  and  windward  sides  of  the  Bahamian  platforms,  and 
these  will  be  briefly  considered  here. 

Salient  contributions  from  this  preliminary  field  examination  are  briefly 
discussed  herein.  They  are  observations  on:  submerged  Pleistocene 

*Thls  paper,  illustrated  with  motion  pictures  and  Kodachrome  slides,  was  presented  at 
•  meeting  of  the  Section  on  October  3»  1955. 
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terraces;  processes  of  marine  planation  possibly  re^onsible  for  tk| 
terraces;  evidence  of  structural  warping  on  the  Great  Bahama  Bank* 
distribution  and  origin  of  odlitic  sand;  and  regional  factors  of  enviroc 
ment  responsible  for  distribution  of  Bahamian  coral  reefs. 

Acknowledgments.  Our  work  has  been  made  possible  through  financial 
assistance  from  the  Humble  Oil  and  Refining  Company,  Columbia  Uni¬ 
versity,  The  Shell  Oil  Company,  and  the  Columbia  Broadcasting  Systeni.| 
We  were  able  to  complete  six  weeks  of  field  work  from  May  20  to  July  1. 
1955.  Our  base  of  operations  at  Bimini  was  the  Lerner  Marine  Laboratot) 
of  The  American  Museum  of  Natural  History,  the  laboratories,  boats,  and 
other  facilities  of  which  were  made  available  to  us  by  special  arrange¬ 
ment  with  Doctor  Charles  M.  Breder,  Jr.,  Director  of  the  Laboratory^ 
Doctor  Harold  Humm,  of  Duke  University,  has  helped  us  with  identifica-l 
tions  of  marine  algae.  i 

In  innumerable  ways  we  have  been  aided  by  Doctor  Louis  A.  Krumhoizl 
and  Mr.  Edwin  D.  Holland,  Resident  Biologist  and  Maintenance  Engineer, | 
respectively,  of  the  Lerner  Laboratory.  Mr.  Holland  piloted  the  Lahore 
tory’s  cabin  cruiser  Research  for  us  and  helped  us  to  obtain  bottM  ' 
profiles  with  a  Bendix  depth  recorder.  Native  personnel  at  the  Labora 
tory  served  as  field  assistants,  guides,  and  boatmen.  i 

Personnel  and  individual  responsibilities  of  the  field  party  wete^ 
Norman  D.  Newell,  leader,  general  geology  and  ecology;  John  Imbtir 
general  geology  and  ecology;  G.  Robert  Adlington,  photography,  supply! 
and  maintenance;  Carl  K.  Turekian,  geochemistry;  Louis  S.  Korniket 
sedimentation,  Foraminifera,  and  Ostracoda;  William  S.  Heaslip,  livin. 
and  fossil  mollusks;  and  Valerie  Z.  Newell,  secretary  and  scientifi- 
assistant.  , 


Field  work.  Direct  observations  of  bottom  conditions  were  made  possi' 
ble  by  means  of  face  masks,  snorkels,  and  Hydra-Pack  diving  gearj 
Bottom  features  at  many  localities  were  documented  by  means  of  unde;: 
water  moving  pictures  (Fenjohn  16  mm.)  and  still  photographs  (Foca-j 


Tarzan,  Rolleimarin,  Robot)  in  both  color  and  black  and  white.  Temper^! 
tures,  waters,  sediments,  and  rocks  at  shallow  depths  were  sample j 
directly.  At  greater  depths,  sediments  were  sampled  by  dredging.  De, 
tailed  mapping  of  ecological  features  and  bottom  communities  of  Bimi: 


was  accomplished  with  the  aid  of  United  States  Navy  aerial  photographs.| 
Conspicuous  and  distinctive  organisms  especially  useful  for  diffe: 
entiation  of  biotic  communities  in  the  field  were  studied  and  identifin 
by  us  at  the  Lerner  Laboratory.  | 


General  Setting  of  the  Bimini  Area 


The  islands  of  the  Bahamas  lie  in  linear  series  along  the  margins; 
many  steep-sided  plateaulike  platforms  that  are  separated  by  dn,^ 
waters  from  each  other,  and  from  the  mainland,  Cuba,  and  Haiti  (figure  I 


Shallow  platforms 
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Areas  of  deep  water  act  as  settling  basins  for  terrigenous  materials, 
and  prevailing  winds  are  from  the  ocean  so  that  the  banks  are  virtually 
free  from  land-derived  minerals,  and  the  sediments  and  rocks  consist 
throughout  of  nearly  pure  calcium  carbonate.  The  marginal  lines  of  cays 
and  shoals  are  partly  submerged  ridges  of  limestone  (predominantly 
oolitic)  lying  a  few  thousand  meters  inward  from  the  extreme  outer  edge 
of  the  Bank,  which  lies  at  20  fathoms  (figure  2).  This  marginal  ridge, 
or  barrier  rim,  as  it  will  be  termed  herein,  separates  a  terraced  outer 
platform  from  a  somewhat  shallower  shelf  lagoon,  a  shallow  basin  in 
which  several  kinds  of  calcium  carbonate  sediments  are  accumulating. 
Coral  reefs  are  well  developed  along  the  windward,  or  eastern,  margin 
of  the  Bank,  but  are  lacking  aroiuid  Bimini  on  the  leeward  margin. 

The  basinlike  form  of  the  shelf  lagoon  is  interrupted  by  a  conspicuous 


Figure  2.  Northwestern  pert  of  the  Great  Bahama  Bank. 
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broad  and  shallow  ridge,  here  termed  the  Bimini  axis,  which  extends  in 
a  west- north  west  direction  from  the  northern  end  of  Andros  Island  across 
the  Bank  to  Bimini  and  forms  a  broad  projection  of  the  Bank  into  the 
Florida  Straits  (figure  2).  The  larger  cays  of  the  western  margin  of 
the  Bank  lie  along  the  western  extremity  of  the  Bimini  axis.  Apparently, 
they  were  formed  as  shore-line  features  during  a  low  level  of  the  sea 
when  the  western  end  ot  the  Bimini  axis  was  more  extensively  exposed 
above  sea  level. 

Another  low  ridge,  the  Billy  Island  axis,  crosses  Andros  Island  where 
that  island  is  widest,  but  dies  out  before  reaching  Orange  Cay,  along 
the  western  margin  of  the  Bank  (figure  2).  These  topogrs^hic  features 
are  roughly  parallel  with  the  north  rim  of  the  Bank  and  are  rather  sug¬ 
gestive  of  structural  control.  Perhaps  they  are  broad  flexures  formed 
before  the  marginal  cays  and  before  the  submarine  terraces  that  extend 
around  the  edges  of  the  Bahamian  platforms. 

Pleistocene  Terraces 


A  series  of  bottom  profiles  was  constructed  from  the  records  of  a 
Bendix  400  ft.-400  fm.  automatic  echo-sounding  instrument.  These  pro¬ 
files  (figure  3)  show  that  the  bottom  outside  the  barrier  rim  of  cays 
and  shoals  deepens  seaward  in  several  gradually  descending  steps  or 
terraces  which  terminate  abruptly  in  a  marginal  escarpment  at  about  20 
fathoms  below  sea  level. 

The  upper  part  ol  the  rim  escarpment  is  essentially  vertical  at  some 
localities;  at  others  it  is  an  oversteepened  slope  (figure  3).  Below  a 
i  depth  of  approximately  35  to  40  fathoms  the  slope  in  the  Bimini  area 
decreases  rapidly  in  a  smooth  curve  suggestive  of  the  repose  profile 
of  unconsolidated  talus.  We  have  not  recognized  nicks  or  terraces  on 
this  slope  or  at  the  base  of  the  cliff  such  as  would  have  been  formed 
below  a  wave-cut  sea  cliff.  Consequently,  it  seems  unlikely  that  the 
escarpment  was  carved  by  wave  erosion  during  a  low  stillstand  of  sea 
level.  Pleistocene  levels  of  the  sea  below  20  fathoms  did  not  produce 
well-defined  terraces  here  or  elsewhere  in  the  Bahamas  so  far  as  is 
known.  Such  nicks  as  may  have  been  formed  must  be  very  small  and  are 
doubtless  concealed  beneath  talus  deposits. 

The  vertical  relief  of  the  steepest  slopes  at  the  rim  varies  regionally. 
Clifflike  walls  in  the  eastern  Bahamas  are  said  to  extend  downward  from 
the  platform  rim  to  depths  which  range  from  100  to  500  fathoms,  beneath 
I  which  the  bottom  flattens  out  smoothly  (Hess,  1933;  Schalk,  1946;  Lee, 
1951;  and  Armstrong,  1953).  Local  variations  in  the  distance  from  the 
scarp  rim  to  the  talus  below  are  highly  characteristic  of  coral  atolls  but 
would  be  hard  to  explain  in  a  marginal  profile  resulting  solely  from 
erosion.  Arguments  have  been  advanced  elsewhere  (Newell,  1955)  that 
this  rim  escarpment  is  the  front  of  a  drowned  barrier  reef,  probably  of 
late  Tertiary  age. 
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From  the  edge  of  the  Bank  at  20  fathoms  to  a  depth  of  about  three  ot 
four  fathoms,  the  bottom  rises  in  a  series  of  rather  uneven  rock  terraces, 
the  most  prominent  of  which  lies  at  10  fathoms.  Many  of  the  terraces,  in 
places,  slope  gently  toward  the  bank  instead  of  seaward,  and  the  majority 
have  one  or  more  discontinuous  low  ridges  along  the  seaward  margin. 
These  are  interpreted  as  submerged  beaches  of  Pleistocene  age.  Some 
of  the  ridges  apparently  are  formed  of  unconsolidated  bioclastic  sand. 

The  width  of  the  outer  platform  is  greatest  on  the  north  and  northeast 
(figure  2),  the  direction  from  which  the  storms  of  the  region  generally 
come.  Here  it  ranges  from  about  5  to  10  kilometers.  It  is  narrowest  south 
of  Bimini  where  the  escarpment  rim  at  a  depth  of  20  fathoms  lies  only 
one  and  one-half  kilometers  from  the  outer  shores  of  the  cays. 


Intertidal  and  Infratidal  Erosion 

Lengthy  observations  were  made  along  the  outer  rocky  shores  of  Bimini 
and  other  associated  rocks  and  cays  along  the  northwestern  margin  of 
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the  Great  Bahama  Bank  in  order  to  learn  about  the  ecological  zonation 
of  the  shore  biota  and  the  geological  processes  there  at  work.  Particular 
attention  was  devoted  to  the  production  of  erosional  benches  that  might 
be  comparable  to  the  submerged  terraces  of  the  outer  platform. 

Processes  of  marine  planation  are  simultaneously  producing  two 
benches  at  different  levels,  one  at  the  base  of  the  intertidal  zone,  and  a 
'  second  at  depths  of  three  or  four  fathoms.  Neither  of  the  modern  platforms 
is  horizontal,  but  they  descend  gradually  seaward.  These  benches  recall 
similar,  probably  homologous  features  of  Pacific  coral  reefs  (figure  4). 

The  processes  of  intertidal  erosion  are  known  to  be  complex.  There 
exist  two  schools  of  thought  with  respect  to  the  relative  importance 
here  of  biologic  and  nonbiologic  factors  of  erosion.  One  eiqilanation 
holds  diat  sea  spray,  being  rich  in  COj,  dissolves  limestone  of  the 
intertidal  and  spray  zones.  The  diurnal  cycle  of  photosynthesis  of  marine 
plants  is  believed  to  raise  and  depress  alternately  the  pH  of  sea  water 
sufficiently  to  cause  leaching  at  night  and  precipitation  of  calcium 
carbonate  in  the  daytime  (see  Kuenen,  1950;  Fairbridge,  1952;  and 
Cloud,  1954).  While  admitting  the  possibility  that  chemical  leaching  of 
limestone  shores  by  sea  water  almost  certainly  occurs  in  sts^nant  tide 
pools  where  putrifaction  of  organic  matter  is  a  common  phenomenon,  and 
limited  leaching  may  occur  elsewhere  under  special  and  temporary  condi¬ 
tions,  the  second  school  points  out  that  shallow  sea  waters  in  the  tropics 
are  heavily  buffered  and  supersaturated  with  calcium  carbonate,  and  there 
is  no  direct  chemical  evidence  thus  far  reported  that  relatively  un- 


treble 

'---1 


Figure  4.  Comparison  of  shore  profiles  at  Bimini  and  Raroia. 
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confined  warm  sea  watrirs  regularly  become  vmsatutated  as  a  result  of 
even  a  considerable  drop  in  pH.  This  second  school  holds  that  organic 
agencies  are  demonstrably  responsible  for  a  great  deal,  probably  most, 
of  die  erosion  between  tide  levels,  although  it  is  not  so  clear  that 
organic  agencies  are  mainly  re^onsible  for  the  channeling  and  fluting 
characteristic  of  the  spray  zone  (e.^.,  see  Newell  et  al.,  1951;  Newell, 
1954;  and  Ginsburg,  1953). 

During  the  present  investigation,  we  found  abundant  evidence  that 
blue-green  algae,  forming  an  ubiquitous  cover  in  the  intertidal  and  spray 
zones,  soften  and  permeate  the  rock  surfaces  to  a  depth  of  perhaps  one 
millimeter.  Doubtless  this  penetration  by  algal  fibers  is  accomplished 
by  contact  leaching.  A  host  of  shore  animals  feed  on  this  algal  cover 
and  scrape  away  the  softened  rock  forming  striations  characteristic  for 
each  ^ecies.  Large  herbivorous  gastropods  produce  furrows  as  wide  as 
one  millimeter  and  half  a  millimeter  deep  in  a  single  traverse.  Who  can 
doubt  that  this  mechanical  rasping  is  a  potent  means  of  erosion,  con¬ 
centrated  precisely  in  the  intertidal  and  spray  zone  where  many  of  the 
mollusks  do  all  of  their  grazing?  Rock-boring  worms  and  the  boring 
barnacle  Litbotrya  account  for  removal  of  as  much  as  50  per  cent  of 
the  rock  substance  in  the  intertidal  nick.  Their  burrows  enormously  in¬ 
crease  the  surface  area  of  attack  by  other  e^encies. 

Our  attempts  to  record  diurnal  fluctuations  of  the  carbonate  content 
of  surface  sea  water  by  means  of  systematic  analyses  for  “hardness” 
(i.e.,  total  dissolved  calcium  and  magnesium  bicarbonates)  were  negative. 
Undoubtedly,  calcium  carbonate  is  precipitated  more  rapidly  in  the  day¬ 
time  than  at  night,  and  possibly,  but  not  probably,  calcium  carbonate  is 
redissolved  at  night.  Our  chemical  tests  did  not  reveal  any  significant 
fluctuations  in  the  carbonate  concentration. 

In  the  Bimini  area,  extreme  low-tide  level  is  marked  by  a  projecting 
lip  of  limestone  (figure  4)  coated  with  a  protecting  deposit  of  coralline 
algae  similar  in  appearance  to  the  Porolithon  encrustations  of  Pacific 
reefs.  The  encrusting  deposit  retards  the  rate  of  erosion.  A  narrow  band 
at  low-tide  level  is  etched  into  relief  by  the  more  rapid  erosion  of  sur¬ 
faces  below  and  above.  Just  below  the  coralline  lip  lies  a  nanow  plat¬ 
form,  rarely  more  than  two  or  three  meters  wide.  In  many  areas,  this 
platform  is  not  preserved,  erosion  at  greater  depths  being  at  least  as 
rs^id  as  intertidal  erosion.  The  outer  margin  of  the  platform  lacks  pro-  | 
tective  accretions  of  coralline  algae,  and  it  is  probably  because  of  this  f 
that  it  is  destroyed  almost  as  rapidly  as  it  is  formed.  Otherwise,  it  | 
resembles  the  inner  part  of  the  reef  flat  of  Pacific  coral  reefs.  f 

The  rocks  of  the  nick  zone  are  broken  away  frequently  along  oblique  | 
fracture  planes  or  shore  ramps  which  dip  seaward  at  25°  to  35°.  This  j 
phenomenon  was  also  recognized  on  Raroia  where  Newell  (1954)  thought  | 
that  the  fractures  were  produced  by  wave  impact  and  air  compression  in  I 
the  intertidal  nick.  I 
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Marine  planation  along  exposed  shores  in  the  Bimini  area  is  not  being 
accomplished  mainly  at  the  intertidal  level.  This  differs  from  conclusions 
of  students  in  other  parts  of  the  world  (e.^.,  Fairbridge,  1952),  but  our 
observations  agree  qualitatively  with  those  made  by  Newell  (1954)  on 
Raroia  atoll,  a  typical  Pacific  C(»al  reef. 

Rocky  shores  facing  the  Florida  Straits  and  the  seaward  sides  of 
outlying  cays  along  Andros  Island  and  New  Providence  descend  steeply, 
or  in  a  sheer  drop,  to  depths  of  one  or  two  fathoms,  gradually  flattening 
io  a  bare  rock  surface  to  a  depth  in  the  neighborhood  of  four  fathoms. 
This  surface  probably  is  not  horizontal,  but  the  seaward  slope  becomes 
very  gentle  within  100  meters  of  the  shore. 

In  many  places,  the  bottom  is  furrowed  by  small  ravines  or  grooves 
ixised  in  the  rock.  These  are  approximately  parallel  to  each  other  and 
normal  to  the  shore,  but  they  merge  and  anastamose  in  a  complex  way. 
This  topographic  form  is  essentially  the  same  as  grooves  off  eastern 
Andros  Island  (Newell,  et  al.,  1951)  and  along  Pacific  reefs  (Newell, 
1954).  Except  for  the  circumstance  that  the  Bahamian  examples  are  cut 
in  oolitic  rather  than  coral  reef  limestone,  the  grooves  are  similar  to 
those  characteristic  of  Pacific  reefs.  Reef  grooves  of  Raroia  atoll,  which 
have  been  studied  in  some  detail,  were  attributed  to  gravel  scour  and 
coalescence  of  potholes  (Newell,  1954). 

Marginal  grooves  in  the  Bimini  region  are  instructive  and  shed  further 
light  on  their  mode  of  origin.  Furthermore,  they  provide  a  key  for  an 
understanding  of  marine  planation  in  areas  relatively  free  of  near-shore 
sand  accumulations. 

As  viewed  from  the  air,  many  of  the  grooves  in  the  Bimini  area  extend 
only  a  few  feet  from  the  shore  and  are  closed  at  both  ends.  Examined 
closely  beneath  the  water  these  are  U-shaped  rock  gorges,  many  of  which 
are  swept  free  of  sand  and  gravel.  Others  contain  a  few  rounded  boulders, 
and  many  are  partly  filled  with  rippled  sand.  The  incomplete  grooves 
terminate  in  nearly  vertical  walls  at  both  ends,  and  cylindrical  potholes 
are  numerous  in  the  floors  and  walls  of  the  grooves.  They  are  especially 
abundant  near  shore  where  fresh  impact  fractures  and  spiral  ridges  show 
clearly  that  they  are  formed  in  the  zone  of  storm-wave  turbulence  in 
precisely  the  same  manner  that  potholes  are  formed  in  massive  rocks  of 
stream  beds.  The  bottom  profiles  of  the  grooves  (figure  4)  indicate 
that  they  originate  as  potholes  that  become  gradually  elongate  down 
slope.  All  stages  in  the  evolution  of  the  grooves  were  recognized  and 
studied  in  the  Bimini  area. 
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Spurs  between  the  grooves  are  erosion  remnants  that  progressively 
become  undermined  by  gravel  scour  and  eventually  are  broken  away  by 
wave  impact  during  storms.  The  spurs  of  mature  Pacific  coral  reefs  are 
reinforced  and  protected  from  wave  erosion  by  encrusting  deposits  of  the 
cctalline  alga  Porolithon,  and  they  assume  an  equilibrium  profile  that 
represents  the  least  resistance  to  storm  waves.  In  the  Bahamas,  the 
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spurs  are  not  protected  by  algal  accretions,  hence  they  develop  relatively 
ragged  profiles. 

It  is  concluded  that  the  base  level  of  marine  planation  in  the  Bimini 
area  is  at  a  depth  of  approximately  four  fathoms,  but  undoubtedly  the 
depth  varies  slightly  from  place  to  place  depending  on  the  degree  of  ex¬ 
posure  to  storm  waves  and  the  distance  from  the  shore. 

Sedimentation 

Because  of  the  shallowness  of  the  Bank  waters,  they  tend  to  be  mote 
turbid  and  more  saline  than  many  of  the  lagoons  of  Pacific  atolls,  and 
the  bottom  biota  is  correspondingly  sparse. 

The  Bank  interior  fcvms  a  sedimentary  basin  within  which  calcareous 
sediments  are  formed  and  partially  trapped  behind  the  slightly  elevated 
barrier  rim.  Fine  calcareous  precipitates  are  accumulating  in  the  pro¬ 
tected  and  relatively  stagnant  waters  immediately  behind  the  Beny 
Islands  and  Andros  where  deposition  has  built  up  the  bottom  within  a 
few  feet  of  the  surface.  The  more  exposed  areas  are  underlain  by  fine  to 
medium-grained  sand  composed  of  odlite  and  other  grains  described  by 
filing  (1954).  They  become  gradually  coarser  toward  the  Bank  margin 
until  this  inorganic  sediment  is  abruptly  replaced  near  the  barrier  rim  by 
shell  sand  composed  mainly  of  skeletal  parts  of  Foraminifera,  mollusks, 
calcareous  algae,  and  echinoderms.  The  details  of  this  sedimentary 
gradient  have  not  yet  been  worked  out,  but  it  seems  clear  that  odlltic 
sand  forms  the  most  widespread  and  abundant  sediment  over  this  part  of 
the  Great  Bahama  Bank.  For  the  most  part,  the  odlite  is  intermingled 
with  various  kinds  of  calcareous  particles,  except  marginally,  where  it 
is  selectively  winnowed  and  concentrated  in  essentially  pure  deposits  r 
by  tidal  currents.  Great  accumulations  of  nearly  pure  oblitic  sand  lie  I 
just  behind  gaps  between  the  cays  to  the  south  of  Bimini,  duplicating  | 
the  situation  so  clearly  described  by  filing  in  the  southeastern  Bahamas  |! 
(filing,  1954),  and  by  Newell  and  Rigby  (in  press)  to  the  north  of  Andros 
Island.  The  distribution  of  the  odlitic  sand  supports  filing’s  theory  about  i 
its  origin.  Supersaturated  waters  of  the  adjacent  Florida  Straits  flov  | 
across  the  edge  of  the  Bank  with  the  rising  tide.  As  this  new  water  | 
loses  CO2  because  of  photosynthesis  and  heating,  calcium  carbonate  I 
is  precipitated.  Part  of  the  precipitate  forms  aggregate  grains  or  crystal- 1 
lizes  around  nuclei.  This  takes  place  in  chatmels  between  cays,  where  I 
current  velocities  are  relatively  high,  and  also  in  places  along  the  Bank  I 
margin  where  there  are  no  confining  obstacles.  As  the  nuclei  become  l 
enlarged  through  aggregation  and  accretion,  they  are  rolled  about  on  the  I 
bottom,  becoming  rounded  through  abrasion  and  repeated  deposition  ofp 
aocretionary  layers.  Finer  grains  are  continually  swept  far  into  the  I 
interior  of  the  Bank  beyond  the  marginal  zone,  but  much  of  the  sand  I 
accumulates  just  within  the  barrier  rim.  Undoubtedly,  some  of  the  sand  I 
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is  swept  c^f  the  Bank  into  deep  waters  by  ebb  tides,  but  this  is  not  a 
dominant  process  inasmuch  as  odlitic  sand  is  exceedingly  rare  on  the 
outer  platform.  The  change  from  the  prevailing  odlite  of  the  shelf  lagoon 
to  the  bioclastic  sand  of  the  outer  platform  is  very  striking  and  seems  to 
be  characteristic  over  much  the  Bahamas. 

Factors  Involved  in  Distribution  of  Coral  Reefs  in  the  Bahamas 

At  the  present  time,  the  growth  of  coral  reefs  in  the  Bahamas  is  rather 
feeble,  and  reefs  are  essentially  restricted  to  the  windward  or  eastern 
sides  of  the  Banks.  This  is  also  true  of  Florida.  The  modem  reefs  seem 
to  be  of  post-Pleistocene  age,  and  it  is  generally  agreed  that  reef  growth 
must  have  been  greatly  retarded  by  the  cool  climate  of  the  Pleistocene 
epoch.  There  is  little  doubt,  however,  that  coral  reefs  thrived  here 
throughout  the  Tertiary  period. 

The  present  lack  of  reefs  along  the  leeward  margins  of  the  Banks, 
including  the  Bimini  area,  probably  is  an  effect  of  the  rather  constant 
trade  winds  on  the  exceedingly  shallow  Bank  waters.  A  slow  but  per¬ 
sistent  westerly  drift  is  produced  carrying  somewhat  hypersaline  and 
turbid  waters,  probably  deficient  in  oxygen  and  dissolved  nutrients, 
across  the  leeward  margins  of  the  Banks.  The  windward  margins  of  the 
Banks  are  also  somewhat  shielded  from  Bank  waters  by  larger  and  more 
numerous  cays  than  are  found  on  leeward  margins.  The  shallow  waters 
of  the  Banks  undergo  great  seasonal  changes  in  temperature  with  un¬ 
doubted  deleterious  effects  on  the  more  sensitive  organisms  that  are  in 
contact  with  these  waters,  such  as  the  corals.  Air  temperatures  in  the 
northern  Bahamas  are  known  to  drop  as  low  as  the  middle  forties  (F.). 
During  cold  spells,  the  shallow  Bank  waters  become  chilled  and  the 
leeward  margins,  because  of  the  westerly  drift,  are  affected  more  than 
the  windward  margins. 
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THE  MECHANISMS  OF  SOME  METAL-ION-PROMOTED  REACTIONS* 
By  Frank  W.  Westheimer 

Department  ol  Chemistry,  Harvard  University,  Cambridge,  Mass. 


One  of  the  most  important  of  modern  problems  is  concerned  with  the 
mechanisms  of  the  action  of  enzymes.  These  biochemical  catalysts  pro¬ 
mote  reactions  at  room  temperature  and  neutral  pH  that  chemists  must 
generally  perform  in  strong  acid  or  base,  or  at  elevated  temperatures. 
One  of  the  more  fruitful  avenues  of  investigation  into  the  mechanism  of 
enzyme  action  concerns  an  inspection  of  the  chemistry  of  those  enzymes 
that  are  active  only  in  the  presence  of  metal  ions.  The  present  dis¬ 
cussion  is  concerned  with  those  nonenzymatic  reactions,  promoted  by 
metal  ions,  that  parallel  enzymatic  processes,  and  that  do  not  involve 
oxidation-reduction. 

An  example  of  this  type  of  reaction  can  be  found  in  the  decarboxylation 
of  oxaloacetic  acid.  This  reaction  (equation  No.  1)  interconverts  pyruvic 
and  oxaloacetic  acids,  and  is  an  essential  step  in  metabolism.  H.  A. 
Krebs^  pointed  out  that  the  enzymatic  reaction  is  promoted  by  polyvalent 
ions,  and  that  the  reaction  can  be  catalyzed  by  these  ions  in  the  absence 
of  enzyme.  In  living  cells,  manganous  ion  promotes  enzymatic  activity. 
The  isolated  enzyme,  however,  responds  to  the  same  polyvalent  ions 
that  catalyze  the  nonenzymatic  decarboxylation.  By  contrast,  neither 
the  enzymatic^  nor  the  nonenzymatic  decarboxylation  of  acetoacetic 
acid  (equation  No.  2)  is  affected  by  these  ions. 

HOjC-CO-CHjCOjH  - >  HO2C-CO-CH3 +CO2  (1) 

CH3-CO-CH2-CO2H  - >  CH3-CO-CH3+ CO2  (2) 

These  facts  suggest  that  the  fundamental  catalytic  activity  of  the  enzyme 
is  supplied  by  manganous  ion,  which  is  coordinated  both  to  the  protein 
and  to  the  substrate. 

Oxaloacetic  acid  itself  exists  as  a  mixture  of  keto  and  enol  tautomers. 
In  order  to  find  out  whether  this  enolization  was  concerned  in  the  mecha¬ 
nism  of  decarboxylation,  Steinberger  and  Westheimer^  synthesized 
dimethyloxaloacetic  acid  and  its  monoethyl  ester.  Both  these  compounds 
smoothly  undergo  decarboxylation  in  dilute  aqueous  solution  at  room 
k  temperature,  according  to  equation  No.  3, 

S  R02C-C0-C(CH3)2-C02H  ^  R02C-C0-CH(CH3)2  +  CO2  (3) 

j  (A)  (B) 

I  where  R  may  represent  either  a  hydrogen  atom  or  an  ethyl  group.  Signifi- 
i  cantly,  the  decarboxylation  of  the  diacid  (R  =  H),  but  not  that  of  the 


’This  paper,  illustrated  with  lantern  sUdes,  was  presented  at  a  meeting  of  the  Section 
“>  May  3,  1955. 
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ester-acid  (R  =  CjHs),  is  catalyzed  by  polyvalent  metal  ions.  Clearly, 
the  enol  of  the  diacid  is  not  required  for  metal-ion  promoted  decarboxyla¬ 
tion.  On  the  other  hand,  the  second,  ionized  carboxyl  group  is  necessary 
The  rate  of  decarboxylation  was  measured  manometrically,  and  the 
pH-rate  profile  was  determined. 

Both  dimethyl  oxaloacetic  acid  (A,  when  R  =  H)  and  a-ketoisovaleric 
acid  (B,  when  R  =  show  a  weak  absorption  band  in  the  ultraviolet 
around  3100  to  3300  A.  During  the  decarboxylation  process,  however,  a 
very  strong  band  rises  and  then  falls.  This  new  absorption  band  has  its 
maximum  around  2600  K.  The  shape  of  the  band,  its  position  and  in¬ 
tensity,  suggest  that  an  a,  /3- unsaturated  acid  is  formed  as  an  inter¬ 
mediate  during  decarboxylation.  These  and  other  data^  show  that  the 
reaction  mechanism,  in  the  absence  of  metal  ions,  proceeds  according 
to  equations  Nos.  4  and  5. 


H02C-C0-C(CH3)2-C02H  -  H02C-C=C(CH  3)2  +  CO2  (4) 


H02C-C=C(CH3)2  +  H+  -♦  H02C-C0-CH(CH3)2 


The  initial  reaction  product,  C,  is  the  enol  of  a-ketoisovaleric  acid,  and 

O 

accounts  for  the  ultraviolet  absorption  at  2600  A.  This  metastable  enol 
is  slowly  converted  (equation  No.  5)  into  the  final  product  of  the  de¬ 
carboxylation. 

In  the  presence  of  metal  ions,  a  similar  set  of  spectroscopic  data^ 
show  that  a  metal  enolate  is  an  intermediate  in  the  reaction  process.  In 
the  presence  of  ferric  ion,^  the  spectroscopic  changes  are  especially 
clear.  The  solution  of  dimethyloxaloacetic  acid  and  ferric  sulfate  im¬ 
mediately  turns  yellow.  Then,  as  carbon  dioxide  is  evolved,  the  solution 
turns  from  yellow  through  green  to  blue,  and  slowly  fades  again  to  yellow. 
The  first  yellow  intermediate  has  been  identified®  as  the  1:1  complex 
between  ferric  ion  and  dimethyloxaloacetic  acid.  Similarly,  the  blue 
complex  has  been  identified®  as  the  ferric  ion  complex  of  the  enolic 
tautomer  of  a-ketoisovaleric  acid,  and  the  final  yellow  compound  identi¬ 
fied  in  turn  as  the  1: 1  complex  between  ferric  ion  and  the  keto  tautomer 
of  a-ketoisovaleric  acid.  The  mechanism  for  the  metal-ion-promoted 
decarboxylation  can  therefore  be  represented  as  follows: 
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02C-CO-C(CH3)2-C02  -I-  Fe^ 


p‘^+++  O  O- 
(yellow) 


(6) 


C— C=C(CH3)2  -I-  CO2 


/ 


_P  JO 
Fe*** 


(blue) 


(7) 


0 

\ 

C— C=C(CH3)2 

/  I 
-P  ,.9. 


0 

\ 

C— C— CH(CH3)2 

/  II 

q  p 

(yellow) 


(8) 


C— C— CH(CH0, - ^  0,C— CO— CH(CH,)2  +  Fe^^'^  (9) 

/  II  " 

-9 

Fe+++ 

The  kinetic  data^.s  establish  the  mechanism  (equations  Nos.  6  to  9), 
and  the  mechanism  reveals  the  function  of  the  metal  ion.  It  withdraws 
electrons  from  the  carboxyl  ate  ion  group  along  the  lines  of  the  curved 
anows  in  equation  No.  7,  so  that  the  bond  holding  the  carboxyl  group 
is  more  easily  broken.  In  many  organic  reactions,  a  similar  electrostatic 
strain  is  introduced  by  means  of  an  acid  catalyst.  For  the  decarboxyla¬ 
tion  of  oxaloacetic  acid  or  of  dimethyloxaloacetic  acid,  however,  a 
polyvalent  metal  ion  is  enormously  superior  in  catalytic  effectiveness 
to  a  proton,  for  protons  will  become  attached  to  the  carboxyl  groups, 
inhibiting  decarboxylation,  whereas  a  metal  ion  can  be  chelated  so  as 
to  place  a  positive  charge  on  the  carbonyl  oxygen  atom,  where  the  charge 
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can  be  effective  in  promoting  decarboxylation.  Not  only  can  the  positive 
charge  be  placed  in  a  favorable  position,  but  also  the  metal  ions  ate 
polyvalent,  and  so  bring  a  higher  positive  charge  than  does  a  proton  to 
the  seat  of  reaction;  the  metal  ions  have  the  further  advantage  that 
catalysis  can  be  obtained  at  physiological  pH.  Metal-ion  catalysis 
can  perhaps  be  described  as  superacid  catalysis  in  neutral  solution. 

A  few  experiments  have  been  carried  out  in  which  a  metal  ion  has 
been  coordinated  with  pyridine.  Such  coordination  slightly  enhanced  thej 
catalytic  activity  of  Cu*^.  The  metal-ion-promoted  reaction  closely! 
parallels  the  enzymatic  one.  Probably  one  of  the  important  functions  of 
the  protein  is  to  coordinate  the  metal  ion  which,  in  turn,  catalyzes  the 
reaction. 

The  general  principles  here  outlined  can  be  applied  to  the  study  of 
many  other  chemical  reactions  where  both  enzymatic  and  nonenzymatic 
processes  are  promoted  by  polyvalent  metal  ions.  E.  E.  Snell  and  his 
collaborators®  have  shown  that  several  of  the  en^s^matic  reactions  of 
pyridoxal  can  be  carried  out  by  substituting  Cu  or  A1 for  the 
enzyme.  In  one  instance,  they  were  further  able  to  show  that  the 
enzymatic  reaction  requires  a  polyvalent  ion  (ferric  ion)  for  activity. 
Although  Snell  has  not  carried  out  a  detailed  kinetic  study  of  the  re¬ 
actions  in  question,  his  data  for  the  transamination  of  glutaric  acid 
with  pyridoxal  leaves  little  doubt  that  the  process  proceeds  by  the 
following  steps: 


CHO 


HO 


CH3  N 


CHjOH 


NH3 

+  "b/:— CH— CH2CH2— coj”  +  Ai^^^  ^  ; 

I 


C— CH— CHa— CHj— CO2 


(10) 
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Here  the  pyridoxal  molecule  acts  as  an  electron  sink,  and  the  metal  ion, 
because  of  its  positive  charge,  aids  in  the  ionization  of  a  proton  from  | 
the  alpha  carbon  atom  of  the  amino  acid  (see  equation  No.  11).  Despite  I 
the  considerable  differences  between  the  transamination  and  the  de¬ 
carboxylation  processes,  the  fundamental  function  of  the  metal  ion  is 
the  same  in  both,  and  for  both  the  function  of  the  enzyme  is  probably 
primarily  that  of  a  coordinating  agent  for  the  metal-ion  catalyst. 

Phosphoric  acid  esters,  in  the  absence  of  catalysts,  are  very  stable 
in  alkaline  solution.  However,  alkaline  phosphatases  will  cleave  these 
esters  at  a  pH  of  9,  and  E.  Bamann^  discovered  that  lanthanum  hydroxide 
gel  is  a  good  catalyst  for  the  hydrolysis  of  a-glycerylphosphate  in  the 
pH  range  8  to  10.  Presumably  the  phosphate  esters  cannot  readily  be 
cleaved  in  alkali  because  the  negative  charge  on  the  phosphate  di-anion, 
RO-POj',  repels  hydroxide  ion.  When  the  ester  is  adsorbed  on  the  poly¬ 
valent  hydroxide  gel,  the  negative  charge  is  effectively  neutralized  by 
the  cation,  and  hydroxide  ions  or  water  can  approach  the  reaction  site 
(the  phosphorus  atom).  Further  investigations^  of  the  metal-ion-promoted 
hydrolysis  of  phosphate  esters  have  revealed  that  the  process  resembles 
the  enzymatic  one  in  that  the  cleavage  occurs  exclusively  at  the  phos- 
phorus-to-oxygen  bond.  The  metal-ion- promoted  reaction,  however,  does 
not  occur  readily  unless  the  phosphate  ester  is  substituted  in  the  beta 
position.  That  is  to  say,  the  hydrolysis  of  ethylphosphate  is  not  strongly 
promoted  by  lanthanum  hydroxide  gel,  but  the  hydrolysis  of  /S-hydroxy- 
ethyl  and  yS-methoxyethylphosphates  is  strongly  catalyzed  by  the  system. 
Further  investigations  here  are  obviously  needed  to  decide  on  the  de¬ 
tailed  mechanism  of  the  nonenzymatic  process,  and  to  delineate  mote 
clearly  the  similarities  (or  differences)  between  the  enzymatic  and  non¬ 
enzymatic  processes. 

There  are  many  other  enzyme  systems  promoted  by  polyvalent  metal 
ions.  For  example,  some  of  the  peptidases*®  require  polyvalent  metal 
ions  for  activity,  and  these  same  ions  will  promote  the  hydrolysis  of 
certain  peptides  in  the  absence  of  enzymes.**  Here,  too,  further  in¬ 
vestigations  will  reveal  the  extent  of  the  similarity  between  the  enzymatic 
and  nonenzymatic  processes. 

In  summary,  a  few  metal-ion-promoted  reactions  are  now  known  where 
the  similarity  between  enzymatic  and  nonenzymatic  processes  is  suf¬ 
ficiently  close  as  to  suggest  that  the  mechanism  of  the  enzymatic 
process  is  at  least  in  part  known.  Further  investigations  should  in¬ 
crease  the  knowledge  of  these  systems  and  help  toward  a  complete 
solution  of  the  mystery  of  enzyme  action. 
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CYTOCHEMISTRY:  ITS  PROBLEMS  AND  INSTRUMENTATION* 
By  M.  J.  Kopac 

Department  ol  Biology,  Graduate  School  of  Arta  ft  Science, 

New  York  Univeraity,  New  York,  N.  Y. 

The  development  of  cytochemical  micrurgy  ^  and  the  television-micro- 
manipulator  with  other  advances  in  micriugical  techniques  now  makes 
possible  a  direct  attack  on  the  cytochemical  and  other  properties  of 
nucleoli.  These  prominent  nuclear  structures  may  be  transplanted  from 
one  cell  to  another,  or  from  the  nucleus  to  the  cytoplasm  of  the  sane 
cell  (transposition).  The  theoretical  basis  for  such  experiments  has 
also  been  worked  out.^ 

Experimental  Procedures  for  Transplantation  Studies 

Volumetric  submicromanipulator.^'^  With  this  instrument,  volumes  of 
subcellular  components  of  the  order  of  1  ppL  can  be  removed  from  a 
living  cell  and  transferred  to  substrate  mixtures  where  enzymatic  activi¬ 
ties  of  the  sample  may  be  tested  (microdilatometry*)  or  to  other  cells 
(subcellular  transplantation). 

Micrurgy  with  cells  in  nonaqueous  media.  A  new  approach  toward  the 
transplantation  of  subcellular  particulates,  cytochemistry,  and  single¬ 
cell  cultures  has  been  developed  that  requires  the  transfer  of  cells  from 
their  normal  aqueous  environment  to  a  nonaqueous,  nontoxic  fluid.  Several 
fluorocarbon  fluids  have  been  tested  for  this  purpose.^  From  the  applica¬ 
tion  of  these  fluids,  new  procedures  for  studying  the  cytochemical 
properties  of  subcellular  particulates  have  emerged. 

The  transplantation  of  cytoplasmic  fractions  from  one  cell  to  another 
is  facilitated  by  first  transferring  cells  from  their  aqueous  environment 
to  the  nonaqueous,  fluorocarbon  fluid  (see  figure  1).  Protection  to  the 
subcellular  structures  during  removal  and  subsequent  transfer  is  pro¬ 
vided  by  sealing  the  sample  within  the  micropipette  at  both  ends  witli 
small  volumes  of  fluorocarbon  fluid.  ^  Furthermore,  the  micropipettes  are 
siliconized  to  prevent  the  subcellular  particulates  from  sticking  to  the 
glass.  Single,  isolated  cells,  following  the  transplantation  of  subcellular 
particulates,  can  be  maintained  in  a  modified  tissue  culture  preparation. 

Television-micromanipulator.  This  instrument,  incorporating  the  nev 
Leitz  micromanipulators,  is  shown  in  figure  2.  With  quartz  or  reflect¬ 
ing  optics,  the  operation  may  be  illuminated  by  essentially  monochromatic 
ultraviolet  light,  and  foe  image  can  be  viewed  instantly  on  the  video 
screen.®  Monochromatic  light  in  the  visible  range  may  also  be  profitably 
used.  ^  As  will  be  pointed  out  later,  the  television  closed  circuit  may  be 
modified  so  that  the  amount  of  light  absorbed  by  any  structure  of  the 

*Thls  pn>er,  Uluatrated  wiUt  lantern  sUdea,  waa  preaented  at  a  meetinK  of  the  SecUw 
on  October  4,  19SS.  I 
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cell  can  be  measured  photoelectrically.  The  principal  requirement  is 
that  the  structure  must  be  larger  tiian  the  width  of  a  scan  line.  With  an 
initial  magnification  of  250  x,  the  nucleolus  of  the  frog  kidney  cell 
covers  from  10  to  30  scan  lines. . 

Supravital  staining  cf  nucleoli.  Most  nucleoli,  in  living  normal  and 
neoplastic  cells,  stain  rather  specifically  with  methylene  violet  (Bemth- 
sen)^  or  other  thiazine  dyes.®  Not  only  can  one  observe  the  effects  of 
transposition  or  transplantation  on  the  retention  of  methylene  violet,  but 
one  can  also  determine  the  effects  of  experimental  treatment  on  the  sub¬ 
sequent  stainability  of  nucleoli.  In  other  words,  will  the  nucleoli  ac- 


Fluorocarbon  Transttr  Technique 


Figure  1.  Transfer  of  cells  from  aqueous  to  fluorocarbon  media  by  centrifu¬ 
gation.  1.  Glass  capillary  tube,  75  mm.  long  with  outside  diameter  of  1.5  mm. 
2.  One  end  is  sealed  in  a  gas  microburner.  3.  Fill  lower  1.5  cm.  with  fluorocarbon- 
heptane’  mixture  using  a  gauge  22  steel  needle,  6.5  cm.  long,  and  a  tuberculin-type 
(0.5  ml.)  glass  syringe.  The  density  of  the  fluorocarbon-heptane  mixture  must  be 
greater  than  the  aqueous  medium  and  less  than  the  cells.  In  most  instances,  a 
density  of  1.05  to  1.10  will  be  satisfactory.  4.  Fill  remaining  space  with  an 
aqueous  suspension  of  cells,  also  using  a  steel  needle  and  tuberculin-type 
syringe.  5.  Place  tube  in  hematocrit  centrifuge  (International  No.  275)  and  run 
at  5,000  to  8,000  x  G.  until  cells  are  transferred  to  the  fluorocarbon  medium. 
6.  Cells  are  in  fluorocarbon  fluid  with  minimum  amount  of  water.  7.  Mount  aqueous 
and  of  tube  into  a  micropipette  holder  attached  to  a  glass  Luer-type  syringe 
(2  ml.)  and  break  off  the  sealed  end  of  tube.  8.  Place  40  to  50  /xL  of  Kel-F-I  oil 
(polymer  of  trifluor-monochlorethane)  on  a  square  cover  glass.  9.  Transfer  cells 
from  tube  to  Kel-F  oil  by  manipulating  the  syringe.  10.  Invert  cover  glass  and 
mount  on  moist  chamber  of  the  television-micromanipulator  (FIGURE  2). 
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Figure  2-  The  television-mlcromanipulator.  In  the  photograph  are  shown  the 
following  components;  monocular  microscope  with  Leitz  Mikas  attachment, 
monochromator  mounted  in  front  of  microscope,  and  a  pair  of  Leitz  micromanipu¬ 
lators  mounted  on  either  side.  Not  shown  is  the  RCA-Vidicon  camera,  which  is 
mounted  on  the  stand  above  the  microscope  and  coupled  to  the  Mikas  attachment 
with  a  bellows.  The  Video  control  unit  and  screen  (partly  visible  behind  mono¬ 
chromator)  is  placed  in  front  of  the  right  pair  of  micromanipulators.  Photographs 
are  taken  of  the  image  on  the  Video  screen  with  a  Polaroid-Land  camera. 

All  components  are  mounted  as  a  single,  integrated  instrument  on  a  massive 
aluminum  alloy  stand.  Below  the  subbase  holding  the  microscope  may  be  seen  i 
second  lamp,  used  for  heterochromatic  visible  light.  A  first  surface  mirror, 
mounted  on  a  horizontal  slider,  serves  to  focus  light  from  the  monochromator  to 
the  objective  through  a  substage  objective  which  is  used  as  a  condenser. 

The  new  Leitz  micromanipulators  each  consist  of  lever-activated  horizontal 
movements  (ball-bearing  slides)  and  a  vertical  motion  activated  by  coaxial  coarse 
and  fine  controls.  In  this  quadruple  micromanipulator,  four  to  as  many  as  eight 
microneedles  or  micropipettes  can  be  controlled.  Another  feature  is  that  the 
mechanical  advantage  of  the  lever  principle  can  be  adjusted  to  meet  the  require¬ 
ments  demanded  by  the  magnifications  used  in  viewing  the  micro-operations. 

A  new  moist  chamber,  integrated  with  the  mechanical  stage,  is  sufficiently 
shallow  to  permit  use  of  condensing  systems  (50 x  reflecting  objective,  for  ei- 
ample)  with  fairly  short  working  distances.  This  chamber  requires  rather  short 
microneedles  or  micropipettes  which  can  be  readily  fabricated  to  these  specifica¬ 
tions  with  the  de  Fonbrune  microforge. 
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cumulate  methylene  violet  as  readily  if  transferred  to  the  cytoplasm  as 
they  do  in  their  normal  nuclear  environment? 

Transposition  and  transplantation  of  nucleoli.  Nucleoli  can  be  removed, 
by  micrurgy,  from  the  nucleus  of  one  cell  and  placed  into  either  the 
nucleus  or  cytoplasm  of  another  cell.  These  operations  may  be  modified 
so  that  only  a  part  of  a  nucleolus  is  transferred.  The  insertion  of  a 
nucleolus  into  the  nucleus  of  another  cell  is  the  most  difficult  to  ac¬ 
complish,  due  to  the  susceptibility  of  nuclei  to  traumatic  injury. 

Several  types  of  transplantation  experiments  are  diagrammed  in  figure  3. 
Transposition  experiments  serve  as  controls  for  transplantation  experi¬ 
ments.  This  is  the  only  means  of  evaluating  the  effects  of  genetic  con¬ 
stitution  on  either  the  nucleolus  or  on  the  action  of  the  nucleolus  on  its 


Figure  3.  Diagrams  of  transposition  and  transplantation  experiments,  with 
sjnsbolic  notations.^  The  upper  line,  in  each  bracket,  indicates  where  the  nu¬ 
cleolus  was  and  the  lower  line  states  where  the  nucleolus  is  placed,  following 
micrurgy.  The  experiment  is  transposition  if  the  subscripts  are  the  same,  while 
the  experiment  is  designated  as  transplantation  if  the  subscripts  are  different. 

In  the  second  figure  from  the  left,  a  nucleolus  was  removed  from  cell  1  and 
placed  into  the  nucleiB  of  cell  2,  which  may  or  may  not  have  its  original  nu¬ 
cleolus,  U).  In  the  lower  right  diagram,  the  nucleolus  from  cell  1  was  transplanted 
into  the  cytoplasm  of  cell  2  which  was  undergoing  mitosis.  In  the  center  is 
indicated  a  nucleolus  removed  from  cell  2  and  placed  into  the  surrounding 
medium.  The  lower  line  in  the  bracket  states  that  the  nucleolus,  n,,  is  not  (  </>  ) 
an  element  of  either  the  nucleus  or  cytoplasm  of  any  cell. 

The  diagram,  upper  center,  indicates  a  nucleolus  in  its  normal  position  during 
the  interphase.  The  symbols  mean  the  following:  the  nucleolus,  nj,  is  an  element, 
6,  of  the  nucleus,  N,,  which  is  a  subset,  of  the  cytoplasm,  C,.  In  the  lower 
left  diagram,  the  lower  line  means:  the  nucleolus,  O],  is  an  element  of  the  cyto¬ 
plasm,  C],  but  not  (  — )  of  the  nucleus,  N,.  In  the  lower  right  diagram,  the  second 
line  means:  the  nucleolus,  n„  is  an  element  of  either  (V)  the  nucleus,  N,,  or 
cytoplasm,  C],  or  both. 
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new  environment.  One  may  assume  that  the  cytoplasm  and  nucleus  of  the 
same  cell  should  have  the  same  genetic  background.  On  the  other  hand, 
transplantation  of  the  nucleolus  from  one  nucleus  to  the  cytoplasm  of 
another  cell  may  lead  to  situations  where  the  genetic  background  of  the 
new  host  cytoplasm  may  be  strikingly  different  from  that  of  the  donot 
cell. 

It  is  essential  to  employ  quick  and  simple  methods  for  checking 
possible  changes  in  nucleoli  in  order  to  establish  the  properties  of 
nucleoli  as  functions  of  their  interactions  with  cytoplasm,  with  othe 
nuclei,  with  other  cytoplasm,  or  with  cells  in  karyokinesis.  For  this 
reason,  the  interaction  of  nucleoli  with  methylene  violet  or  other  supra¬ 
vital  dyes  followed  by  television-oscillographic  analyses  seems  to  be 
the  most  practical. 

Evaluation  of  Changes  Produced  in  Nucleoli 

As  outlined  in  figure  4,  it  is  possible  by  electronic  means^'*'’to 
interconnect  a  line  selector  with  the  closed  television  chain  so  that  a 
selected  single  scan  line  may  be  diverted  to  the  oscillograph  where  the 
pulse  is  converted  into  a  density  curve  while,  simultaneously,  the 
selected  pulse  appears  as  an  intensified  line  on  the  video  screen. 

With  these  facilities,  changes  in  retention  of  dye  or  stainability  can 
be  readily  detected  and  measured.  For  example,  nucleoli  previously 
stained  supravitally  with  methylene  violet  are  transposed  or  transplanted 
micrurgically  with  the  television-micromanipulator.  Immediately  after  the 
operation  is  completed,  the  preparation  is  illuminated  with  light  of  con¬ 
trasting  color  (pa.  580  m^)  and  analyzed  by  the  selected  scan-line 
tedinique.  Any  changes  in  retention  of  dye  can  be  readily  detected  and 
measured.  These  determinations,  therefore,  serve  as  a  means  of  obtain¬ 
ing  the  first  indications  of  nucleolar  changes  following  transposition  oi 
transplantation.  In  another  series,  cells  are  exposed  to  correct  concentra¬ 
tions  of  methylene  violet  following  transposition  or  transplantation  of 
the  nucleoli.  Here,  the  scan-line  technique  may  be  employed  to  indicate 
the  uptake  of  methylene  violet. 

Obvious  differences  in  reactivity  with  methylene  violet  would  indicate 
a  change  in  the  properties  of  die  nucleolus.  On  the  other  hand,  if  no 
changes  are  evident  with  methylene  violet,  still  other  changes  might 
have  occurred.  In  such  instances,  the  more  highly  refined  and  complex 
procedures  would  be  required.  The  following  summary  gives  an  abridged 
list  of  various  other  properties  of  nucleoli  that  can  be  evaluated: 

RNA  and  DNA  content  Ultraviolet  light  absorption 

Staining  with  basic  and  acidic  dyes'^ 
Feulgen  and  similar  reactions^ 

RN-ase  activity  Microdilatometry  ^ 

Action  of  RN-ase  Cytochemical  micrurgy  ^ 
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Mass  Interference  microscopy 

Soft  X-ray  absorption  technique’^ 

It  is  reasonable  to  expect  tiiat  success  in  transplantation  experiments 
depends  on  the  compatibility  of  the  donor  subcellular  fraction  with  that 
of  the  host  cell.  This  would  imply  that  die  donor-host  cells  should  be 
similar,  thus  recognizing  the  role  of  genetic  factors.  Accordingly,  one 
would  expect  mere  favorable  compatibility  between  the  nucleolus  and 
cytoplaan  of  cells  taken  from  the  same  tissue  and  the  same  animal. 
Likewise,  greater  compatibility  may  be  expected  between  amoebas  from 
the  same  clone,  or  between  ascites  cells  from  single-cell  sublines. 
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Figure  4.  Block  diagram  of  television-micromanipulator  and  line  selector 
circuit.  The  monochromator-microscope-micromanipulator  assembly  is  shown  in 
FIGURE  2.  The  image  from  the  microscope  is  picked  up  by  the  Vidicon  camera 
ind  appears  on  the  video  screen  of  the  monitor.  The  camera  cable  (1)  connects 
the  camera  with  the  monitor  which  provides  all  the  voltages  and  deflection, 
circuits  required  to  produce  scaiming  in  the  Vidicon  tube.  From  the  monitor, 
the  composite  video  signal  is  led,  by  coaxial  cable  (2),  to  the  raster  line  selec¬ 
tor,  which  selects  any  one  of  the  horizontal  scan  lines  and  passes  it,  via  coaxial 
cable  (3),  to  the  cathode  ray  oscilloscope,  CRO.  Synchronized  witH  this  pulse  is 
the  line  indicator  video  circuit  (coaxial  cable,  4)  which  intensifies  and  thereby 
displays  the  selected  line  on  the  video  screen.  Any  one  of  the  525  lines  of  the 
interlaced  television  image  can  be  isolated  and  displayed  on  the  CRO.  The 
wide  band  oscilloscope,  equipped  with  a  high  accelerating  potential  cathode  ray 
tiiie,  can  be  triggered  by  appropriate  sweeps  and  delays  for  irxlicating  rapid 
transient  or  recurrent  pulses.  The  appearance  of  the  converted  pulse  on  the  CRO 
can  be  photographed  for  purposes  of  record,  as  can,  of  course,  the  image  on  the 
video  screen. 
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be  automatically  measured.  Important  applications  of  computet  ■ 
methods  to  cytology  have  been  developed  by  Tolies. 
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One  cannot  overemphasize  the  fact  that  tran^lantation  procedures 
must  be  well  rehearsed  in  order  to  reduce  the  time  between  removal  of 
the  sample  from  one  cell  and  its  injection  into  another  cell.  In  addition 
to  the  acquisition  of  essential  skills,  the  successful  transfer  of  sub- 
cellular  particulates  requires  superb  micrurgical  instrumentation  and 
techniques.  Some  of  these  are  already  available,  including  for  example, 
the  volumetric  submicromanipulator,  the  television-micromanipulator,  as 
well  as  the  fluorocarbon  techniques. 

Other  instrumentation  and  techniques  may  need  to  be  developed  to 
permit  even  greater  approaches  to  perfection.  Every  instrument  or  method 
can  be  improved.  For  example,  Harris  and  Kopac^^  have  recently  de¬ 
signed  an  entirely  new  microscope-micromanipulator  unit  in  which  the 
microscope  is  modified  specifically  for  micrurgical  purposes  and  is  | 
integrated  with  four  electrically  controlled  micromanipulators.  Instru-  i 
ments  such  as  these  will  obviously  insure  greater  success  in  executing  | 
critical  experiments  in  which  subcellular  particulates  are  transplanted.  ■ 
Furthermore,  with  the  proper  utilization  of  television  techniques  and  i 
other  electronic  procedures,  it  is  not  too  unreasonable  to  expect  that  ' 
many  micrurgical  procedures  can  be  performed  automatically.  I 

Beyond  this,  there  is  no  reason  why  the  pulse  generated  by  a  single  | 
scan  line  in  the  closed  television  circuit  cannot  be  fed  into  an  analog  | 
computer  from  which  one  may  automatically  obtain  quantitative  informa¬ 
tion  on  the  intensity  of  staining  of  a  cellular  component.  Furthermore,  | 
the  rate  of  destaining  of  a  previously  stained  and  transplanted  nucleolus  | 
can 


14. 


17. 


18. 


These  investigations  were  supported  in  part  by  a  research  grant  > 
(C-2018)  from  the  National  Cancer  Institute,  of  the  National  Institutes  of  | 
Health,  Public  Health  Service,  Bethesda,  Md.,  and  by  grants  DRG-271  | 
and  DRG-271  A  from  the  Damon  Runyon  Memorial  Fund,  New  York,  N.  Y. 

The  volumetric  submicromanipulator  and  the  television-micromanipulatoi 
were  constructed  by  Jack  Harris,  whose  skills  as  an  instrument  designer 
and  maker  are  gratefully  acknowledged.  j 


References  | 

1.  KOPAC,  M.  J.  1955.  Cytochemical  micrurgy.  International  Review  of  Cytology,  j 

4:  1-29.  Academic  Press.  New  York,  N.  Y.  | 

2.  KOPAC,  M.  j.  1955.  Topological  cytochemistry.  Annals  N.  Y.  Acad.  Sci 

63(6).  In  press. 

3.  KOPAC,  M.  J.  &  J.  Harris.  1951.  A  new  micromanipulator  with  volumetric 

ultramicropipettes.  Anat.  Rec.  Ill:  116. 

4.  KOPAC,  M.  j.  1953.  Submicro  methods  in  enzymatic  cytochemistry.  Trans.  : 

N.  Y.  Acad.  Sci.  15:  290-297.  } 

5.  KOPAC,  M.  J.  1955.  Recent  developments  in  cellular  micrurgy.  Trans.  N.  Y.  | 

Acad.  Sci.  17:  257-265.  3 

: 


THE  NEW  YORK  ACADEMY  OF  SCIENCES  29 


6.  ZWORYKIN,  V.  K.,  L.  E.  Flory  &  R.  E.  Shrader.  1952.  Ultraviolet 

television  microscopy.  Electronics.  25:  150>152. 

7.  MATBYKO,  G.  M.  fit  M.  J.  KOPAC.  1954-  Supravital  dye  studies  on  isolated 

and  centrifuged  ovarian  neoplastic  ceils.  Anat.  Rec.  120:  791-792. 

8.  AYRES,  W.  W.  1948.  A  method  of  staining  nucleoli  of  cells  in  fresh  benign 

and  malignant  tissues.  Cancer  Research.  8:  352-359. 

9.  Lobser,  C.  N.  6t  C.  Berkeley.  1954.  Electronic  quantitation  of  light 

absorption  and  nuclear  fluorescence  in  living  cells.  Science.  119:  410-411. 

10.  WILLIAMS,  G.  Z.  1955.  Ultraviolet  absorption  patterns  of  living  malignant 

and  normal  cells.  Proc.  Amer.  Assoc.  Cancer  Resectfch.  2(1):  53. 

11.  NURNBERGBR,  J.  1.  1955.  Ultraviolet  microscopy  and  microspectroscopy. 

In  Analytical  Cytology.  Chap.  4.  Blakiston-McGraw  Hill.  New  York. 

12.  POLLISTBR,  A.  W.  &  L.  ORNSTBIN.  1955.  Cytophotometric  analysis  in  the 

visible  spectrum.  In  Analytical  C3rtology.  Chap.  1.  Blakiston-McGraw  Hill. 
New  York. 

13-  LESSLBR,  M.  A.  1951.  The  nature  and  specificity  of  the  Feulgen  reaction. 
Arch.  Biochem.  9t  Biophysics.  32:  42-54. 

14.  Baker,  R.  1955.  Phase-contrast,  interference  contrast,  and  polarizing 

microscopy.  In  Analytical  Cytology.  Chap.  3.  Blakiston-McGraw  Hill.  New 
York. 

15.  EngsTROU,  A.  1946.  Quantitative  micro-  and  histochemical  elementary 

analysis  by  roentgen  absorption  spectrography.  Acta  Radiologica,  Sup- 
plementum  63.  106  pp. 

16.  HAUSCHKA,  T.  S.  1953.  Methods  of  conditioning  the  graft  in  tumor  trans¬ 

plantation.  J.  Natl.  Cancer  Inst.  14:  723-739;  1953.  Cell  population  studies 
on  mouse  ascites  tumors.  Trans.  N.  Y.  Acad.  Sci.  16:  64-73. 

17.  Harris,  J.  8i  M.  J.  Kopac.  1955.  Microscope-micromanipulator  project. 

Unpublished. 

18.  Tolles,  W.  E.  1955.  The  cytoanalyzer— an  example  of  physics  in  medical 

research.  Trans.  N.  Y.  Acad.  ScL  17:  250-256. 


30 


SECTION  OF  BIOLOGY 


SYMPOSIUM  ON 

EFFECTS  OF  NATURAL  SELECTION  ON  HUMAN  GENOTYPES* 

( Abstracts  of  the  Papers ) 

I.  SELECTION  GENETICS  IN  MAN 
By  Howard  Levene 

InstitiMe  for  the  Sttrdy  of  Htanan  Variations, 

Columbia  University,  New  York,  N.  Y. 

From  the  viewpoint  of  population  genetics,  selection  against  a  gene 
exists  when  carriers  of  that  gene  produce,  on  the  average,  fewer  children 
than  noncarriers,  either  because  of  a  greater  chauoe  of  death  from  any 
cause  before  or  during  reproductive  age,  or  becaus-'j  of  lowered  fecundity 
from  any  cause.  The  net  effect  is  that  the  number  of  children  the  individu¬ 
al  may  be  expected  ultimately  to  leave  is  reduced.  Consequently,  the 
chances  of  the  gene  itself  being  passed  on  to  future  generations  are 
reduced,  and  its  incidence  in  the  population  will  fall.  The  speed  of  this 
decline  will  depend  on  the  severity  of  selection  and  on  its  nature.  Genes 
that  are  acted  on  only  when  homozygous  (for  example,  the  duodenal 
ulcer  effect  of  the  0  blood-group  gene)  are  acted  on  more  slowly;  genes 
that  are  heterozygous  are  acted  on  more  rapidly.  An  example  of  this 
type  is  the  malaria-protective  effect  of  the  sickling  gene.  This  latter 
case  happens  to  be  one  of  selective  advantage  rather  than  disadvantage. 
Questions  that  can  be  answered  by  mathematical  analysis  of  experimental 
and  clinical  data  are:  (1)  the  rate  of  change  of  gene  frequency;  (2)  the 
existence  of  possible  stable  (equilibrium)  gene  frequencies;  and  (3)  the 
relative  risks  from  some  diseases  for  carriers  and  noncarriers  of  a  given 
gene.  The  following  two  papers  give  specific  data  that  can  be  attacked 
by  these  methods. 

II.  SELECTION  AND  THE  ABO  LOCUS 

By  R.  B.  McConnell  i 

David  Lewis  Northern  Hospital,  Liverpool,  England 

The  evidence  that  the  genes  at  the  ABO  locus  are  subject  to  selection, 
as  well  as  the  data  that  have  been  published  regarding  their  effects  on 
fertility  and  longevity,  are  reviewed. 

Attempts  to  demonstrate  an  association  between  the  ABO  blood  groups 
and  various  diseases  were  unsuccessful  until  recent  years.  With  peptic 
ulcer,  however,  a  definite  relationship  with  blood  group  0  appears  to 
have  been  established  by  studies  carried  out  in  Great  Britain  and  Scandi¬ 
navia.  A  relationship  between  blood  group  A  and  cancer  of  the  stomach 

•These  papers,  Illustrated  with  lantern  slides,  were  presented  at  a  meeting  of  tlx 
Section  on  October  10,  19SS.  The  meeting  was  arranged  by  cooperation  of  the  InstltUt 
for  the  Study  of  Human  Variation,  Columbia  University,  and  the  Section  of  Biology  of  The 
New  York  Academy  of  Sciences.  It  Is  hoped  that  the  full  papers,  as  presented  st  thiiL 
symposium,  will  be  published  later  In  the  Annals  of  The  Academy.  I 
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I  has  also  been  found.  Data  are  presented  that  strongly  suggest  that  the 
association  of  blood  group  0  with  peptic  ulcer  applies  only  to  duodenal 
and  not  to  gastric  ulcer.  Evidence  is  given  that  there  may  be  an  associa- 
1  tion  between  blood  group  A  and  diabetes  mellitus  in  the  male.  The 
I  significance  of  this  finding  in  the  light  of  the  previously  demonstrated 
'  associations  is  discussed. 

An  investigation  designed  to  prove  whether  the  relationship  with 
duodenal  ulcer  is  of  a  causal  nature  or  due  to  racial  stratification  in 
the  population  is  described.  Possible  mechanisms  underlying  a  causal 
relationship  are  discussed,  and  an  account  is  given  of  work  on  the 
secretor  status  of  patients  with  cancer  of  the  stomach,  duodenal  ulcer, 
and  diabetes  mellitus,  carried  out  in  an  effort  to  elucidate  the  problem. 

III.  SELECTION  AND  HEREDITARY  ANEMIAS 
By  Ruggero  Ceppellini 
Institute  of  Genetics,  Milan,  Italy 

Good  evidence  has  recently  appeared  suggesting  that  carriers  of  the 
sickle-cell  trait,  who  live  in  a  highly  malarial  environment  (Plasmodium 
falciparum),  have  a  better  chance  of  survival  than  normal  people  living 
in  the  same  environment.  The  superior  “fitness”  of  heterozygotes  under 
such  conditions  would  then  compensate  for  the  loss  of  sickling  genes 
through  early  death  of  homozygotes  from  sickle-cell  anemia. 

A  similar  situation  may  exist  for  another  inherited  anemia:  thalas¬ 
semia,  or  Mediterranean  anemia.  Data  are  presented  showing  that  in  four 
Sardinian  populations,  each  genetically  isolated,  the  abnormal  frequen¬ 
cies  of  perscxis  showing  decreased  osmotic  resistance  of  the  red  cells 
(an  important  feature  for  the  diagnosis  of  thalassemia  minor)  are  closely 
related  to  the  rates  of  malarial  infestation  among  these  populations. 

Possible  causal  relationships  between  environment,  genotype,  and 
distribution  of  diseases  are  discussed. 

IV.  SELECTION  IN  RELATION  TO  RACE  FORMATION 

and  evolution 

By  L.  C.  Dunn 

Institide  for  the  Study  of  Human  Evolution, 

Columbia  University,  New  York,  N.  Y. 

One  of  the  main  questions  concerning  the  evolution  of  human,  as  of 
other,  populations  is:  By  what  means  have  the  great  differences  between 
different  populations  in  relative  frequencies  of  many  of  their  genes  been 
brought  about?  Examples  of  racial  differences  in  blood  antigens  and 
other  genetic  factors  are  cited.  Data  presented  in  the  preceding  papers 
are  taken  as  indications  of  the  part  played  by  differential  survival, 
always  in  relation  to  the  environments,  present  and  past,  and  in  relation 
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A  QUANTITATIVE  THEORETICAL  ACCOUNT 
OF  COLOR  VISION* 

By  Leo  M.  Hurvich  and  Dorothea  Jameson 
Color  Technology  Division,  Eastman  Kodak  Company,  Rochester,  N.  Y. 

The  field  of  color  vision  has  long  been  the  subject  of  intense  specula¬ 
tion,  experimentation,  and  controversy.  Much  of  the  speculation  has  been 
of  a  qualitative  sort  only.  Hence,  many  of  the  hypotheses  that  have  been 
proposed  have  not  been  stated  with  sufficient  rigor  to  permit  quantitative 
comparisons  to  be  made  with  the  results  of  actual  experiments.^'^  In 
other  cases,  proposed  quantitative  formulations,  while  shown  to  be 
adequate  with  respect  to  certain  numerical  data,  are  restricted  in  scope, 
and  thus  do  not  provide  an  integrated  and  inclusive  account  of  the  basic 
data  of  color  vision. 

What  seems  to  be  needed  at  the  present  time  is  a  quantified  hypo¬ 
thetical  structure  that,  like  Hecht’s  treatment  of  25  years  ago,  ^  will 
serve  both  to  integrate  and  to  clarify  the  phenomena  of  color  vision  in  so 
far  as  these  phenomena  are  now  known.  The  quantitative  formulation 
I  offered  here  as  a  first  step  toward  such  a  general  hypothetical  structure 
derives  in  principle  from  the  Hering  theory  of  opponent  colors. 

In  essence,  the  Hering  view  of  the  visual  system  was  that  light  inci¬ 
dent  on  the  retina  is  absorbed  by  light-sensitive  material  and  that  this 
absorption  initiates  in  the  visual  system  neurochemical  events  that  are 
directly  associated  with  the  perceived  qualities  of  blueness,  greenness, 
yellowness,  redness,  whiteness,  and  blackness.  The  characteristics  of 
the  light-sensitive  substance  that  mediates  between  the  incident  light 
and  events  in  the  “visual  substance”  were  left  unspecified  by  Hering, 
even  as  to  the  number  of  different  photosensitive  materials  that  might 
be  included  in  this  light-sensitive  substance. 

The  physiological  events  associated  with  the  six  basic  color  qualities 
do  not,  in  this  view,  occur  in  six  independent  systems,  but  rather  as 
three  pairs  of  processes,  with  the  two  members  of  each  pair  being  mutual- 
’  ly  exclusive,  or  antagonistic.  Thus,  in  the  blue-yellow  pair,  “blue” 
events  are  opponent  or  antagonistic  to  “yellow”  events,  so  that  the 
sensory  response  is  either  blue  or  yellow,  but  not  both  at  the  same  time, 
f  “Green”  physiological  events  are  paired  with  “red”  in  similar  opponent 
I  fashion,  so  that  either  green  or  red  sensations  can  occur  but  no  sensation 
that  can  be  described  properly  as  a  greenish-red  or  a  reddish-green. 
These  opponent  and  mutually  exclusive  physiological  processes  are  in 
complete  agreement  with  general  visual  experience.  The  paired  white- 
black  system  is  less  obviously  an  opponent  one  for,  although  whiteness 
I  and  blackness  are  clearly  at  opposite  extremes  of  the  achromatic  scale 

I  'This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
I  on  October  17,  19S5. 
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of  sensations,  there  is  no  general  agreement  that  white  and  black  mutual¬ 
ly  exclude  each  other,  and  thus  mid-gray  is  frequently  described  as  a 
balanced  mixture  of  white  and  black.  On  the  other  hand,  mid-gray  can 
be  conceived  equally  well  as  a  sort  of  intrinsic,  basal- activity  sensation 
associated  with  the  equilibrated  condition  of  the  whole  visual  system. 
Nonbalanced  excitations  in  the  paired  visual  response  systems  can  then 
be  related  to  various  degrees  of  departure  from  the  basal,  mid-gray  con¬ 
dition.  In  the  opponent  white-black  system,  such  unbalanced  excitations 
are  related  to  departures  from  mid-gray  toward  either  the  whiteness  or 
blackness  direction. 

To  develop  a  quantitative  model  for  the  opponent-colors  theory,  spectral 
response  functions  are  required  for  the  three  paired  chromatic  and  achro¬ 
matic  processes,  as  well  as  a  set  of  functions  that  can  be  considered  to 
represent  plausibly  the  spectral  sensitivities  of  the  photochemical  light- 
mediating  substances. 

The  white  response  of  the  white-black  pair  is  represented  by  the  ex¬ 
perimentally  measured  ^ectral  brightness,  or  foveal  luminosity  function. 
Only  the  white  aspect  of  the  opponent  white-black  response  pair  is 
properly  represented  as  a  direct  function  of  spectral  light  stimulation 
since  black,  although  a  positive  sensation,  is  not  evoked  directly,  but 
is  rather  an  induced  response,  resulting  either  from  spatial  contrast  or 
as  a  temporal  after-effect  of  direct  stimulation.  The  paired  yellow-blue 
and  red-green  re^onse  functions  also  have  been  measured  experimentally.’ 

-  +  -  +  -I-  - 
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Generalized  chromatic  and  achromatic  response  functions  derived 
mathematically  from  the  color  mixture  data  for  the  CIE  standard  observer^ 
are  in  good  agreement  with  those  measured  by  direct  experiment.  Func¬ 
tions  representing  the  spectral  characteristics  of  the  assumed  light- 
sensitive  materials  have  also  been  derived  from  these  same  color  mixture 
data.^*’  It  thus  becomes  possible  to  base  the  theoretical  model  on  func¬ 
tions  that  agree  perfectly  with  the  average  data  of  colorimetry  and 
photometry. 

A  schematic  diagram  representing  the  assumed  relations  between 
photoreception  and  visual  response  is  given  in  figure  1.  B,  G,  Y,  and 
R  represent  photoreceptor  units  made  up  of  three  independent  photo¬ 
chemical  substances  a,  )8,  and  y.  The  opponent  chromatic  and  achro¬ 
matic  visual  processes  excited  by  activities  in  the  photosensitive  ma¬ 
terials  are  indicated  in  the  diagram  as  y-b,  r-g,  and  w-bk.  The  spectral 
sensitivities  of  the  a,  /8>  and  y  substances  are  given  in  figure  2,  and 
the  spectral  response  functions  of  the  opponent  visual  processes  are 
given  in  figure  3. 


Figure  2 


RELATIVE  RESPONSES 
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The  precise  relationships  shown  diagrammatically  in  figure  1  ate 
given  in  the  following  equations: 

W;^  -  bk^  =  kj  (0.5  +  0.5  +  1.0  +  1.0 

-  k^  (0.5  +  0.5  +  1.0  Y;^  +  1.0 

Different  empirical  values  assigned  to  k^^,  kj,  k3,  and  k^  in  these 
equations  express  the  fact  that  each  of  the  three  pairs  of  visual  re¬ 
sponses  is  a  different  ascending  function  of  the  strength  of  excitation 
in  the  photoreceptor  units  and  thus  of  the  stimulus  luminance. 

On  the  basis  of  this  quantified  model,  it  is  demonstrated  that  a  wide 
variety  of  visual  phenomena  can  be  satisfactorily  accounted  for  and  that 
the  results  of  psychophysical  experiments  can  be  predicted  with  an  en¬ 
couraging  degree  of  accuracy. 
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Thus,  the  relationship  between  stimulus  and  color  sensation  can  be 
expressed  quantitatively  in  terms  of  the  three  color  attributes  of  bright¬ 
ness,  hue,  and  saturation.  Spectral  brightness  is  given  by  the  achro¬ 
matic  response  function  [w;^  -  bk;^];  spectral  hue  by  the  relation  between 

.  .  r  (lyx-bAi)  1 

j  chromatic  responses  at  each  wavelength  I  — ; - ; - ; - ; - I  or 

'  [  (  l>X  -  bxl  +  kx  -  SaI  )  J 

f  (I'a-baI)  1 

-  I  ;  and  spectral  saturation  by  the  relation 

[(  IVa  -  bxl  +  -  gxl  )  J 

between  chromatic  and  achromatic  responses  at  any  wavelength 

(  IVA  -  ‘’aI  +  I^A  -  g  I  )  1 

- ; - ; - ; — ; - -  I  .  Moreover,  the  data  of  color  mixture 

[(ta-bAl  +  i'A-eAKK-bkADj 

ate  accounted  for  in  terms  of  equalities  of  the  three  color  attributes  for 
different  physical  stimuli. 

The  stimulus  changes  required  for  color  discriminations  can  be  pre¬ 
dicted  on  the  basis  of  the  associated  quantitative  changes  in  the  relevant 
color  attributes.  Thus,  for  saturation  discrimination  at  any  given  wave 
length 

ALx  (  IVA  -  ^aI  +  I^A  -  gA  I  ) 

ALx  (|wA-bkxt) 

where  =  the  luminance  of  white  light  and  AL^  =  the  luminance  of 
spectral  light  increment  for  a  just-perceptibly  chromatic  sensation.  For 
wavelength  discrimination,  where  both  hue  and  saturation  changes  must 
be  taken  into  account,  the  average  measured  AA*  is  determined  by  the 
AA  required  for  a  unit  change  in  the  quantitative  expressions  for  both  hue 
(h.c.)  and  saturation  (s.c.)  as  functions  of  wave  length.  Thus,  where 
Ah.c.  +  A  s.c.  =  K, 
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These  expressions  are  also  used  to  predict  color  discriminations  among 
stimuli  of  heterogeneous  spectral  distributions  (object  colors). 

Since  the  three  paired  chromatic  and  achromatic  responses  are  al! 
assumed  to  be  different  functions  of  the  stimulus  luminance,  changes  ii| 
color  sensations  and  color  discriminations  with  changes  in  luminance 
are  also  predicted,  and  the  predictions  are  compared  with  measutet: 
changes  in  psycdiophysical  experiments.  | 

Changes  in  color  sensations  and  discriminations  with  changes  ii 
chromatic  adaptation  are  considered  in  the  theoretical  account.  Experi¬ 
mentally  reported  changes  of  this  sort  can  be  accounted  for  by  computing 
changes  in  the  relative  responsiveness  of  the  photosensitive  materials 
in  terms  of  the  von  Kries  coefficient  law  and  then  determining  the  re¬ 
sulting  changes  in  the  chromatic  and  achromatic  response  functions. 

The  two  major  groups  of  color  blindness,  red-green  defective  and  blue- 
yellow  defective,  are  explained  by  assuming  the  loss  of  function  of  the 
red-green  or  blue-yellow  chromatic  response  processes  respective!;. 
Differences  in  subgroups  of  either  red-green  blind  (protanopia  and 
deuteranopia)  or  blue-yellow  blind  (tritanopia  and  tetartanopia)  are  con¬ 
sidered  to  be  related  to  specific  changes  in  the  photoreceptor  materials. 

The  specific  quantitative  relations  of  the  working  model  proposed  here  I 
will  probably  require  revision  as  additional  experimental  data  on  colotl 
mixture,  luminosity,  etc.,  become  available.  Revision  of  specific  as¬ 
sumptions,  no  doubt,  will  be  required  also  as  more  precise  inform ation  is | 
obtained  concerning  the  biochemistry  and  neurophysiology  of  the  eye  and! 
higher  centers.  Nevertheless,  the  degree  of  success  achieved  with  the! 
present  model  in  integrating  and  clarifying  the  variety  of  visual  phenome¬ 
na  considered  indicates  that  the  opponent-colors  theory  can  be  quantified 
to  provide  a  useful  and  fruitful  working  hypothesis.  g 
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THE  MACKINAC  BRIDGE-CONQUERING  THE  IMPOSSIBLE* 

By  D.  B.  Steintnan 

Past  President,  The  New  York  Academy  of  Sciences,  New  York,  N.  Y. 

Introduction 

The  thought  of  connecting  the  two  sections  of  the  state  of  Michigan  by 
a  physical  link  across  the  Straits  of  Mackinac  has  challenged  the  imagi¬ 
nation  of  engineers  and  the  public  for  the  past  three-quarters  of  a  century. 
The  difficulties,  both  physical  and  financial,  appeared  insurmountable. 
Various  plans  and  designs  were  proposed  from  time  to  time  during  the 
past  40  years.  Some  of  the  schemes  would  have  been  impossibly  fantastic 
in  cost,  but  the  promoters  did  not  know  it.  One  official  design  for  the 
proposed  bridge  would  have  collapsed  before  completion,  but  the  officials 
did  not  know  it. 

People  (who  were  not  engineers)  said  that  the  project  was  impossible; 
that  the  cost  would  be  prohibitive;  that  it  could  not  be  financed;  that  the 
bridge  could  not  be  built;  that  the  foundation  problems  could  not  be 
solved;  that  the  wide  glacial  gorge  under  deep  water  in  the  middle  of  the 
strait  could  not  be  spanned;  that  the  bridge,  if  built,  would  not  stand  up; 
that  it  would  be  destroyed  by  the  elements;  that  no  foundation  piers 
could  withstand  the  pressure  of  ice  from  the  Great  Lakes  in  winter;  and 
that  no  span  could  withstand  the  storms  and  wind  forces  at  the  site. 

Despite  all  obstacles  and  difficulties,  both  natural  and  man-made,  the 
project  has  now  been  successfully  financed.  All  of  the  engineering 
problems  have  been  successfully,  economically,  and  safely  solved.  The 
difficult  foundations  have  been  successfully  conquered,  and  the  con¬ 
struction  of  the  bridge,  commenced  in  July  1954,  is  well  under  way  to 
meet  the  scheduled  completion  date  of  November  1957. 

The  Mackinac  Bridge  is  five  miles  long.  In  the  middle  of  the  five 
miles,  in  the  deepest  water,  to  span  the  wide,  submerged  glacial  canyon, 
a  record-breaking  sus{>ension  bridge  is  being  built.  The  length,  8614  feet 
from  anchorage  to  anchorage,  makes  it  the  longest  suspension  bridge  in 
the  world.  The  central  span  of  this  suspension  bridge,  from  tower  to 
tower,  is  3800  feet.  This  is  300  feet  Icmger  than  the  span  of  the  George 
Washington  Bridge,  and  is  exceeded  only  by  the  4200-foot  span  of  the 
Golden  Gate  Bridge.  The  difficult  foundations  under  the  two  main  towers 
of  the  suspension  bridge,  one  at  each  rim  of  the  submerged  gorge,  were 
carried  down  to  rock,  reaching  the  remarkable  foundation  depths  of  205 
feet  and  210  feet,  respectively,  below  the  water  surface.  The  suspension 
bridge  cables  are  carried  on  artistic  steel  towers  550  feet  high,  each 
containing  6250  tons  of  structural  steel,  and  the  suspended  trusses, 
carrying  the  roadway,  have  a  normal  clear  height  of  155  feet  above  the 
water. 

^  *Thi8  paper,  illustrated  with  Kodachrome  slides,  was  presented  at  a  meeting  of  the 


Perspective  drawing  of  Mackinac  Bridge  (five  miles  long). 
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The  total  cost  of  the  bridge  is  $99,800,000.  This  cost  figure  estab¬ 
lishes  a  new  record  for  the  magnitude  and  difficulty  of  a  bridge  project, 
and  will  certainly  be  a  long-time  record  for  a  bridge  carrying  only  four 
lanes  of  highway  traffic  and  no  railway  loading. 

Without  careful  economic  design,  the  cost  would  have  been  many 
millions  of  dollars  greater  and  the  financial  feasibility  of  the  project 
would  have  been  defeated.  Scientific  design  made  the  bridge  possible, 
while  at  the  same  time  assuring  a  high  margin  of  strength  and  safety  in 
generous  measure. 

By  spending  a  few  million  dollars  more,  the  span  could  easily  have 
been  made  the  longest  in  the  world  (in  fact,  the  foundation  problems 
would  have  been  easier).  But  the  writer  feels  very  strongly  that  an  f 
engineer  is  violating  his  obligation  if  he  seeks  personal  glory  at  the  E 
expense  of  his  clients,  in  this  case,  the  traveling  public. 

The  Need  for  the  Bridge 

The  Strait  of  Mackinac  (pronounced  “Mackinaw”),  four  miles  wide, 
joins  Lake  Michigan  and  Lake  Huron.  These  waters  divide  the  state  of 
Michigan  into  the  41,700-square-mile  Lower  Peninsula  and  the  16,500- 
square-mile  Upper  Peninsula.  | 

The  far  greater  part  the  population  of  the  state  is  concentrated  in 
the  highly  industrialized  Lower  Peninsula  and  its  large  cities,  such  as  [ 
Detroit,  but  the  Upper  Peninsula  is  possessed  of  immense  natural  re-  j 
sources  which,  when  further  developed,  will  attract  additional  population 
and  industrial  activity. 

The  Upper  Peninsula  is  400  miles  long  and  is  nearly  equal  to  the 
combined  area  of  four  New  England  states.  The  principal  industries  at 
present  are  forestry,  mining,  agriculture,  and  recreation.  Part  of  this  area  i 
is  world-famous  as  “The  Copper  Country.”  The  area  is  also  known  as  a  [ 
“vacation  paradise,”  drawing  tourists  and  sportsmen  from  many  states 
for  hunting,  fishing,  camping,  sailing,  and  winter  sports. 

The  Mackinac  Bridge  will  replace  the  existing  state-operated  highway 
ferry  system  in  order  to  provide  an  all-year,  all-weather,  direct,  time-  ■- 
saving  coruiection  between  these  two  great  peninsulas  of  Michigan. 

It  is  recognized  that  the  project  that  will  contribute  most  to  the  further 
development  of  the  Upper  Peninsula  is  the  Mackinac  Bridge.  But,  in  a  f 
larger  measure,  it  will  contribute  to  the  advantages  of  Michigan  as  a  I 
whole  and  of  the  entire  Great  Lakes  area,  as  well  as  of  the  Province  of  j 
Ontario  in  Canada.  In  the  words  of  Governor  G.  Mennen  Williams,  the  f 
builders  of  the  Mackinac  Bridge  “are  participating  in  empire  building.”  j 

People  doubted  the  possibility  of  financing  the  Mackinac  Bridge  be-  | 
cause  it  does  not  directly  connect  two  large  cities  or  population  centers.  I 
But  modern  highway  uses  have  enlarged  our  vision  and  our  perspective.  < 
Within  a  radius  500  miles  from  the  Straits  of  Mackinac  there  resides  a  I 
population  of  30,000,000  people  in  the  United  States  and  Canada  who  | 


Perspective  drawing  of  the  suspension  bridge  (8614  feet  long,  main  span  3800 
feet)  at  the  middle  of  the  Mackinac  crossing. 
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will  benefit  from  the  construction  of  the  Mackinac  Bridge  and  who,  in 
turn,  insure  the  economic  practicability  of  the  project. 

The  major  highways  of  Michigan  converge  at  Mackinaw  City  on  the 
south  and  St.  Ignace  on  the  north  of  the  Straits  of  Mackinac.  Thus  the 
Mackinac  Bridge  will  funnel  traffic  from  the  Lower  Peninsula  into  the 
Upper  Peninsula  and  then  into  Canada  by  way  of  Sault  Ste.  Marie,  50 
miles  north  of  Mackinac  Straits.  Furthermore,  the  Mackinac  crossing  will 
provide  a  shorter  east-west  route  for  bonded  truck  traffic  between  the 
western  provinces  of  Canada  and  populous  southeastern  Ontario.  At  this 
key  location,  the  Mackinac  Bridge  will  be  an  essential  connecting  link 
in  the  national  and  international  highway  system,  and  of  high  strategic 
importance  in  our  continent’s  defense  program. 

Truck  traffic  on  the  Mackinac  Straits  ferries  has  been  increasing 
rapidly,  and  already  amounts  to  12  per  cent  of  the  total  vehicular  traffic. 

The  Mackinac  ferry  rates  were  increased  45  per  cent  in  1953  and,  in 
spite  of  this  increase  in  rates,  traffic  for  the  ensuing  months  increased 
12  per  cent  above  the  same  period  of  1952. 

The  five-mile  ferry  crossing  takes  over  one  hour;  the  bridge  will  reduce 
the  crossing  time  to  ten  minutes.  But,  more  important,  the  bridge  will 
save  the  time  now  lost  in  waiting  in  line  for  the  ferries.  During  the 
summer  months,  this  waiting-in-line  time  amounts  to  from  three  to  four 
and  one-half  hours;  and  on  holidays  and  during  the  deer-hunting  season, 
cars  have  had  to  wait  in  line  as  long  as  14  to  17  hours.  The  lines  of 
waiting  cars  have  extended  along  the  highway  as  far  back  as  20  miles 
from  the  ferry.  Parking  fields  are  provided  for  the  waiting  cars,  and  the 
occupants  find  overnight  accommodations  to  resume  their  place  in  line 
in  the  morning. 

Photographs,  stereo-views,  and  movies  of  these  traffic  conditions  at 
the  Mackinac  ferries  were  used  to  convince  bankers  and  investors  before 
the  bridge  bonds  were  sold. 

The  proposed  toll  rates  on  the  bridge  will  average  10  per  cent  higher 
than  the  present  rates  on  the  ferries;  the  time-saving  will  be  the  govern¬ 
ing  advantage  to  the  motorists.  At  an  average  toll  rate  of  $3.08  per 
vehicle  ($2.10  for  a  passenger  auto,  more  for  trucks),  the  estimated 
traffic  of  2,000,000  cars  and  trucks  in  1958  will  yield  a  revenue  of  over 
$6,000,000  in  the  first  year  of  operation,  with  progressive  increase  there¬ 
after.  According  to  the  traffic  experts,  the  bridge  will  pay  for  itself  in 
18  years  (retiring  all  bonds),  and  can  then  be  made  toll-free. 

From  Dream  to  Reality 

In  1920,  the  Michigan  highway  commissioner  suggested  a  submerged 
floating  tunnel  for  the  Mackinac  Straits  crossing. 

In  1928,  the  state  highway  department  recommended  a  bridge,  but  the 
subsequent  depression  put  a  stop  to  the  project. 


Aerial  photo  shows  progress  of  work  on  Mackinac  Bridge  in  fall  of  1955. 
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In  1934,  a  Bridge  Authority  was  created  by  the  State  Legislature.  The  f 
Authority  retained  three  successive  consultants,  who  presented  respec¬ 
tive  diverse  plans  in  1934,  1935,  and  1940.  World  War  II  stopped  all  * 
planning.  i 

In  1950,  the  present  Mackinac  Bridge  Authority  was  created  by  the  i 
Michigan  State  Legislature.  The  Authority  promptly  appointed  a  Board  of  = 
Consulting  Engineers:  O.  H.  Ammann,  G.  B.  Woodruff,  and  the  writer.  In  f 
1951,  the  three-man  Board  of  Consultants  reported  that  construction  of  ^ 
the  bridge  is  feasible.  > 

In  January,  1953,  the  Authority  selected  the  writer  to  design  and  f 
supervise  the  construction  of  the  bridge,  and  the  writer  engaged  Glenn 
B.  Woodruff  as  his  Associate  Consultant.  Within  two  months,  in  March 
1953,  [veliminary  contract  plans  and  estimates  of  quantities  were  ready, 
and  the  substructure  and  superstructure  contracts  were  negotiated  and 
awarded  for  prompt  commencement  of  construction  as  soon  as  the  bonds  ^ 
could  be  sold.  All  plans  were  rushed  to  get  construction  started  in  the  t 
spring  of  1953.  [ 

Because  of  the  delay  caused  by  completing  the  financing  of  the  proj-  I 
ect,  it  was  not  until  the  spring  of  1954  that  the  contractors  proceeded  to  j 
order  materials  and  to  mobilize  equipment.  During  the  next  few  months,  | 
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Cross  section  of  the  suspension  spans  of  the  Mackinac  Bridge 
(designed  for  highest  aerodynamic  stability). 
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$5,000,000’s  worth  of  floating  construction  equipment  was  assembled  and 
in  place  along  the  line  of  the  bridge  for  the  substructure  contract,  said  to 
be  the  largest  and  finest  floating  equipment  ever  assembled  for  a  con¬ 
struction  contract. 

On  July  10,  actual  excavation  was  commenced  for  the  subaqueous 
foundations.  Over  750  men  were  engaged  on  the  work  at  the  site,  working 
20  to  24  hours  a  day.  It  was  a  race  against  time  and  a  battle  against  the 
elements.  The  winter  ice  conditions  at  the  Straits  limit  the  normal  working 
season  to  eight  months.  Word  went  down  the  line  to  spare  no  effort  to 
meet  the  engineer’s  schedule  and  to  get  all  the'suspension  bridge  piers 
and  anchorages  down  to  rock  before  the  freezing  of  the  Straits.  To  make 
up  for  time  lost  by  impossible  weather  conditions,  the  men  continued 
working  in  the  rough  water  of  the  Straits  through  the  winter  cold,  snow, 
and  storms  until  freezing  of  the  Straits  finally  forced  the  work  to  stop  on 
January  14,  1955,  but  the  two  main-span  piers  were  safely  down  into  the 
bed  rock  under  the  Straits,  and  the  side-span  piers  and  anchorages  were 
already  completed  as  scheduled. 

An  Ultrasafe  Bridge 

Because  of  the  unusual  brecciated  formation,  people  said  that  the  rock 
underlying  the  Straits  could  not  support  the  weight  of  the  bridge.  To  re¬ 
solve  any  doubts,  outstanding  geologists  and  soil-mechanics  authori¬ 
ties  were  retained.  Exhaustive  geological  studies,  laboratory  compres¬ 
sion  tests,  and  “in-place”  load  tests  on  the  rock  under  water  at  the  site 
established,  without  a  doubt,  that  the  rock  under  the  straits  can  safely 
support  more  than  60  tons  per  square  foot.  This  is  four  or  more  times  as 
great  as  the  greatest  possible  load  that  will  be  imposed  on  the  rock  by 
the  structure,  including  the  combination  of  dead  load,  live  load,  wind  load, 
and  ice  pressure.  The  foundations  were  proportioned  to  keep  the  maximum 
possible  resultant  pressure  below  15  tons  per  square  foot  on  the  under¬ 
lying  rock. 

Because  the  public  had  been  alarmed  by  unscientific  claims  that  no 
structure  could  withstand  the  ice  pressure  at  the  Straits,  we  added  a 
further  generous  margin  of  ultrasafety.  According  to  the  most  recent 
engineering  literature  on  the  subject,  the  maximum  ice  pressure  ever 
obtained  in  the  field  is  21,000  pounds  per  lineal  foot  of  pier  width,  and 
the  greatest  ice  pressure  producible  in  the  laboratory  under  controlled 
conditions  for  theoretically  maximum  pressure  is  23,000  pounds  per  lineal 
foot.  We  multiplied  this  higher  figure  by  five,  and  we  designed  the  piers 
to  be  safe  for  a  hypothetical,  impossible  ice  pressure  of  115,000  pounds 
per  lineal  foot,  in  addition  to  all  of  the  usual,  conventional  factors  of 
safety  followed  in  the  best  engineering  practice. 

With  the  maximum  possible  ice  pressure  multiplied  by  five,  and  the 
safe  foundation  pressure  divided  by  four  as  a  basis  for  design,  the 
combined  factor  of  safety  is  twenty  for  the  design  of  the  piers  against 


Diagram  of  South  Cable  Anchorage  (Pier  17), 
constructed  in  rectangular  cofferdam  of  inter- 
locldng  steel  sheet  piling  (to  bedrock  at  depth 
of  86  feet). 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


49 


any  possible  ice  pressure.  For  still  further  safety  against  any  possibility 
of  ice  damage,  the  concrete  of  the  piers  is  protected  by  steel  sheet  piling, 
steel  caissons,  and  armor  plate. 

The  massiveness  of  the  foundations  and  the  resulting  stability  against 
the  most  severe  wind  reactions,  ice  pressure,  or  any  other  conceivable 
loads  or  forces,  are  represented  by  figures  such  as  the  following: 

In  each  of  the  main  piers,  which  are  116  feet  in  diameter,  the  concrete 
alone  weighs  145,000  tons,  and  this  weight  is  augmented  by  30,000  tons 
by  the  reaction  of  the  steel  tower  superimposed  upon  the  pier,  making  a 
total  of  175,000  tons. 

The  total  pull  of  the  two  cables  upon  each  anchorage  is  approximately 
30,000  tons.  To  resist  this  pull,  the  weight  of  concrete  alone,  in  each 
anchorage,  is  approximately  5.5  times  as  much,  or  170,000  tons.  This 
resisting  weight  is  further  augmented  by  the  reactions  from  the  adjacent 
truss  spans. 

Similarly,  because  the  public  had  been  told  that  no  structure  could 
resist  the  force  of  storms  at  the  Straits,  the  design  was  made  ultrasafe 
against  wind  pressure.  The  greatest  wind  velocity  ever  recorded  in  the 
vicinity  is  78  miles  per  hour;  this  represents  a  wind  force  of  20  pounds 
per  square  foot.  We  multiplied  this  force  by  2.5  and  designed  the  bridge 
to  be  ultrasafe  against  a  hypothetical,  improbable  wind  pressure  of  50 
pounds  per  square  foot,  in  addition  to  providing  all  of  the  usual,  con¬ 
ventional  factors  of  safety  established  in  the  best  engineering  design 
practice. 

The  Most  Stable  Suspension  Bridge 

The  main  span  at  Mackinac  is  a  suspension  bridge,  which  is  inherently 
the  safest  possible  type  of  bridge.  The  stiffening  trusses  are  38  feet 
deep,  or  1/lOOth  of  the  span  length.  This  is  the  same  ratio  adopted  (after 
years  of  exhaustive  aerodynamic  tests)  for  the  proposed  Severn  River 
Bridge  in  England,  and  68  per  cent  greater  than  the  ratio  of  the  Golden 
Gate  Bridge. 

Even  without  this  generously  high  depth  ratio,  the  Mackinac  suspension 
span  would  have  more  than  ample  aerodynamic  stability.  In  fact,  by 
scientific  design,  utilizing  all  of  the  new  knowledge  of  suspension  bridge 
aerodynamics,  including  the  writer’s  discoveries,  analysis,  and  design 
principles,  the  Mackinac  Bridge  has  been  made  the  most  stable  suspen¬ 
sion  bridge,  aerodynamically,  that  has  ever  been  designed. 

This  result  has  been  achieved,  not  by  spending  millions  of  dollars  to 
build  up  the  structure  (in  weight  and  stiffness)  to  resist  the  effects,  but 
by  scientific  design  of  the  cross  section  to  eliminate  the  cause  of  aero¬ 
dynamic  instability.  The  vertical  and  torsional  aerodynamic  forces  tend¬ 
ing  to  produce  oscillations  are  eliminated. 

An  important  feature  contributing  this  high  degree  of  aerodynamic 
stability  is  the  provision  of  wide  open  spaces  between  the  stiffening 
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Diagram  of  South  Cable  Bent  Pier  (Pier  18), 
constructed  in  rectangular  steel  caisson  with  21 
circular  dredging  wells  (reached  bedrock  at  depth 
of  130  feet). 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


51 


trusses  and  the  outer  edges  of  the  roadway.  The  trusses  are  spaced  68 
feet  apart  and  the  roadway  is  only  48  feet  wide,  leaving  open  spaces  10 
feet  wide  on  each  side,  for  the  full  length  of  the  suspension  bridge.  The 
effectiveness  of  this  feature  was  demonstrated  to  the  profession  by  the 
writer  in  1940,  and  this  feature  has  since  been  used  in  the  construction 
or  reconstruction  of  all  large  suspension  bridges. 

For  further  perfection  of  the  aerodynamic  stability,  the  equivalent  of  a 
wide  longitudinal  opening  is  provided  in  the  middle  of  the  roadway.  The 
two  outer  lanes,  each  12  feet  wide,  are  made  solid,  and  the  two  inner 
lanes  and  the  center  mall  (24  feet  of  width)  are  made  of  open-grid  con¬ 
struction  (of  the  safest,  most  improved  type).  Wind-tunnel  tests  have 
confirmed  the  high  aerodynamic  stability  of  this  design  of  cross  section, 
'l  combining  the  two  outer  openings  with  an  opening  in  the  middle  of  the 
roadway. 

I  In  addition  to  the  foregoing  design  features  yielding  assured  aero- 
j  dynamic  stability,  maximum  torsional  stability  has  been  secured  by 
providing  two  systems  of  lateral  bracing,  in  the  planes  of  the  top  and 
|l  bottom  chords,  respectively  (this  feature  has  been  added  recently  on  the 
Golden  Gate  Bridge  at  a  cost  of  $3,500,000). 

^  The  Mackinac  Bridge  represents  a  triumph  of  the  new  science  of  sus- 
:  pension  bridge  aerodynamics.  The  design  was  predetermined  scientifically 
in  final  form,  without  spending  years  in  groping,  cut-and-try  experimen- 
i  tation.  Now,  two  years  after  determination  of  the  design  and  award  of 
^  construction  contracts,  extensive  wind-tunnel  tests  have  finally  been 
f  completed  on  a  large-scale  dynamic  model  of  the  bridge.  No  modification 
I  of  the  design  has  been  found  necessary  or  desirable.  The  wind-tunnel 
I  tests  show  conclusively,  as  {xedicted  by  the  writer,  that  the  Mackinac 
■  Bridge,  as  designed,  has:  (1)  complete  and  absolute  aerodynamic  sta¬ 
bility  against  vertical  oscillations  at  all  wind  velocities  and  all  angles 
:  qH  attack;  (2)  complete  and  absolute  aerodynamic  stability  against 

i  torsional  oscillations  at  all  wind  velocities  and  all  angles  of  attack; 
and  (3)  complete  and  absolute  aerodynamic  stability  against  coupled 
oscillations  (combining  vertical  and  torsional)  at  all  wind  velocities  and 
I  all  angles  of  attack. 

1  Professor  F.  B.  Farquharson  states  in  his  report  that:  “Tests  at 
angles  of  attack  up  to  20  °  and  over  the  full  range  of  velocities  available 
■  (191  miles  per  hour)  have  failed  to  develop  any  indication  of  instability.” 

What  Makes  It  Big 

The  total  length  of  the  bridge  (including  the  approaches)  is  26,444  feet 
■  (5  miles  and  44  feet). 

.  The  total  concrete  in  the  substructure  (anchorages,  piers,  and  founda- 
I  tions)  is  440,000  cubic  yards.  Of  this  amount,  350,000  cubic  yards  are 
■  placed  under  water. 
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South  Main  Tower  Pier  (Pier  19),  constructed  in  double-walled  circular  steel 
caisson,  116  feet  in  diameter  (reached  bedrock  at  depth  of  210  feet). 
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The  total  weight  of  the  steel  superstructure  (cables,  structural  steel, 
and  roadway)  is  66,500  tons. 

The  33  spans  are  carried  on  34  piers.  The  two  main  piers  are  carried 
down  to  depths  exceeding  200  feet  (Pier  19  through  140  feet  of  water  and 
70  feet  of  overburden,  and  Pier  20  through  100  feet  of  water  and  105  feet 
of  overburden). 

The  substructure  contract  is  $25,735,600,  while  that  for  the  super¬ 
structure  (structural  steel  and  cables)  is  $44,532,900.  This  is  the  largest 
single  contract  the  United  States  Steel  Corporation  has  ever  received.  In 
fact,  it  is  the  largest  single  contract  in  the  history  of  bridge  engineering. 

Although  the  suspension  bridge  appears  to  dwarf  the  other  spans, 
continuous-truss  spans  of  notable  length  are  used  over  a  secondary  gorge 
in  the  crossing.  Twenty  spans  over  the  deep  portions  of  the  waterway 
range  in  length  from  560  to  330  feet.  These  span  lengths  were  economi¬ 
cally  determined  by  the  deep  and  massive  piers  required  to  withstand  the 
ice  pressure  (with  the  large  factor  of  safety  adopted). 

The  use  of  the  Prepaid  method  for  placing  concrete  in  the  foundations 
for  the  Mackinac  Bridge  has  enabled  a  new  world’s  record  to  be  estab¬ 
lished  for  underwater  concrete  placement  from  a  single  floating  plant: 
6,250  cubic  yards  in  a  24-hour  day. 

The  wonderful  progress  that  has  been  recorded  on  the  work  despite  all 
difficulties  has  been  made  possible  by  the  cooperative  teamwork  of 
officials,  engineers,  and  contractors.  On  this  project,  we  have  been 
fortunate  in  working  with  the  Mackinac  Bridge  Authority,  under  the  chair¬ 
manship  of  Prentiss  M.  Brown  and  under  the  leadership  of  Governor  G. 
Mennen  Williams.  This  Bridge  Authority  has  been  outstanding  for  caliber, 
for  competence,  for  judgment,  for  integrity,  and  for  ability  to  put  a  project 
through  despite  all  obstacles.  Under  this  inspiring  leadership,  no  effort 
is  being  spared  to  produce  the  finest,  safest,  and  most  beautiful  bridge 
that  money,  skill,  and  brains  can  build. 
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outh  Cable  Bent  Pier  (Pier  18),  constructed  in  rectangular  steel  caisson 
with  21  circular  dredging  wells  (reached  bedrock  at  depth  of  130  feet). 


Shop  assembly  of  main  tower  section  and  portal  below  roadway. 


dredging  overburden  as  circular  caisson 
Pier  20)  is  sunk  to  bedrock  200  feet  belo 
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Steel  for  main  towers  rises  to  a  point  nearly  300  feet  above  water.  Final  height 
of  towers  will  be  552  feet. 
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ANTHROPOLOGICAL  RESEARCH  IN  BRITISH  BORNEO* 

By  John  L.  Landgraf 

Department  of  Anthropology,  New  York  University,  New  York,  N.  Y.  \ 


Introdticticai 


This  report  is  a  general  review  that  is  meant  to  provide  current  in¬ 
formation  for  those  interested  in  anthropological  research  in  the  British 
territories  of  Borneo.  It  is  based  on  a  year  of  travel,  conversation,  and 
research,  largely  in  the  Colony  of  British  North  Borneo,  but  there  is 
little  information  of  a  specific  ethnographic  nature,  because  the  collation 
and  analysis  of  the  writer’s  research  data  has  only  just  begun.  At  best, 
the  reports  on  this  material,  as  they  appear,  will  be  somewhat  preliminary 
in  nature.  The  tenitory  visited  was  found  to  be  so  completely  unexplored 
that  only  a  kind  of  old-fashioned  generalized  survey  of  one  tribe  could 
be  done  in  the  relatively  short  time  at  hand. 


The  Territory  [ 

As  most  people  know,  the  island  of  Borneo  is  divided  politically  into  i 
two  major  divisions.  The  larger  of  these  is  the  former  Netherlands  Borneo,  | 
now  a  part  of  the  Republic  of  Indonesia  and  now  called  Kalimantan.  Al¬ 
though  it  seems  that  the  aborigines  of  this  territory  are  probably  at  one  i 
with  the  rest  of  Borneo,  political  and  anthropological  history  has  worked  I 
to  segregate  Kalimantan,  and  at  this  point  the  writer  is  not  qualified  to  E 
speak  of  it  with  any  authority.  | 

The  inf(»mation  here  covers  only  that  part  of  Borneo  controlled  by  the 
Colonial  Office  of  the  British  Commonwealth.  This  territory  lies  along 
the  northwest  coast  of  the  island  and  includes  about  25  per  cent  of  the 
land  surface.  In  this  British  part  of  Borneo,  there  are  three  political  t 
divisions:  Sarawak  (pronounced  with  the  accent  on  the  penultimate  i 
vowel),  Brunei,  and  British  North  Borneo.  Sarawak,  to  the  south,  is  the  j 

largest  unit,  with  an  area  of  about  42,000  square  miles.  Enclosed  in  I 

Sarawak,  along  its  northern  coast,  are  two  small  enclaves  that  comprise  | 
Brunei,  an  area  of  about  4,000  square  miles.  North  and  east  of  Sarawak  ' 
is  British  North  Borneo,  which  extends  across  to  the  east  coast  of  the  I 
island  and  covers  about  31,000  square  miles.  | 

Since  the  end  of  the  war  with  Japan,  Sarawak  and  British  North  Borneo  ' 
have  been  British  Crown  Colonies  with  Crown-appointed  Governors.  The  j 
Native  State  of  Brunei,  with  a  British  Resident,  has  been  drawn  somewhat  | 
more  closely  into  coordination  with  the  two  above  Colonies  than  was 

formerly  the  case.  All  are  under  the  jurisdiction  of  the  “Borneo  desk”  ; 

at  the  Colonial  Office  in  London  and  of  the  High  Commissioner  for  South¬ 
east  Asia,  who  has  his  headquarters  at  Singapore. 

*ThiB  paper.  Illustrated  with  motion  pictures  and  Kodaslldes,  was  presented  at  a  meet¬ 
ing  of  the  Section  on  October  24,  1955. 
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British  Borneo  is  the  raised  eastern  edge  of  the  shallow  sea-covered 
Sunda  Platform,  inundated  only  since  Pleistocene  times.  Along  most  of 
its  coastline  are  wide  swampy  river  deposits  with  occasional  tilted 
“island”  outcrops  of  Tertiary  sediments  that  increase  in  number  as  one 
passes  inland.  Toward  the  interior  are  mountains  and  heavily  dissected 
plateaus  of  older  formations  extending  down  into  the  Mesozoic.  There 
is  recent  knowledge  of  old  igneous  areas  in  the  interior  of  Sarawak  and 
on  the  east  coast  of  British  North  Borneo.  In  the  latter  Colony,  the 
higher  outcrops  come  much  closer  to  the  coastline.  By  far  the  largest  of 
these  is  Mount  Kinabalu  (13,445  feet). 

Tropical  rain  forest  is  the  usual  vegetation  cover,  interspersed  with 
areas  of  moss  forest  on  heights,  rank  grassy  areas,  and  swamp  vegetation 
of  mangrove  and  nipa  palm  along  the  coasts.  The  climate  is  hot  and  wet 
with  an  atuiual  rainfall  of  between  100  and  200  inches,  often  coming 
most  heavily  during  the  early  and  late  months  of  the  year. 

There  is,  as  yet,  very  little  evidence  of  the  earliest  occupation  of 
nathwest  Borneo  by  man.  It  will  be  seen  later  that  this  field  of  study 
is  of  current  anthropological  interest.  There  were  certainly  aborigines 
along  the  coast  when  the  first  Chinese  voyagers  visited  the  region  in 
Han  and,  probably,  even  in  Chou  times.  There  is  also  evidence  that 
Indian  trade  existed  then,  and  relics  of  Hindu  and  Buddhist  contacts 
have  been  found  dstfing  from  at  least  the  ninth  century.  It  is  said  that 
ancient  Brunei  paid  tribute  to  the  Hindu-Javanese  Maj^ahits  in  the 
fourteenth  century,  and  followed  most  of  the  rest  of  Southeast  Asia 
into  Islam  in  the  fifteenth  century.^  It  was  to  the  Islamic  sultanate  of 
Brunei  that  the  first  Europeans  came  only  a  century  later.  Pigafetta 
reports  on  the  visit  of  Magellan’s  expedition  there  in  1521.^  Then,  and 
for  the  next  three  centuries,  the  Muslim  Malays  ruled  over  the  coast¬ 
line  of  Borneo. 

During  diese  300  years,  however,  European  visits  continued.  Hunt’s 
essay  of  1812^  on  the  exploitation  possibilities  of  Borneo  can  be  used 
to  illustrate  the  ambivalent  English  penetration  of  Borneo  to  the  north¬ 
west  and  the  similar  Dutch  movements  to  the  south.^ 

From  1839  to  1946,  much  of  the  history  of  the  English  in  Borneo  is 
concerned  with  die  figures  of  James  Brooke  and  his  descendants,  who 
established  and  expanded  the  sometimes  equivocally  British  kingdom  of 
Sarawak  in  the  territory  nominally  ruled  over  by  the  Sultan  of  Bruiiei. 
Later,  with  the  story  of  an  enterprising  American  in  Brunei  in  1865,  the 
history  of  British  North  Borneo  got  its  start.  In  1881,  the  British  North 
Borneo  Company,  a  commercial  enterprise,  was  chartered  by  the  British 
Crown  to  exploit  the  Brunei  (and  Sulu)  Borneo  coastline  north  of  Brunei 
town.® 

In  1942,  the  third  Brooke  ruler  of  Sarawak  lost  his  kingdom,  the  British 
Resideit  in  now  tiny  Brunei  was  interned  by  the  Japanese  military,  and 


62 


TRANSACTIONS 


the  stockholders  of  the  British  North  Borneo  Company  saw  their  shares  I 
become  worthless.  The  whole  of  Borneo  was  ruled  by  the  Japanese  until  I 
the  middle  of  1945,  when  the  Europeans  returned  to  find  that  their  bombs  p 
and  their  blockade  of  the  Japanese  had  destroyed  nearly  all  of  the  r 
establishments  and  wealth  of  European  origin  in  British  Borneo.  Today,  I 
waktu  jipon  (Malay  for  the  Japanese  period)  is  a  constant  and  emotion-  I 
laden  factor  in  the  conversations  one  has  with  people  of  every  group  in  j 
British  Borneo.  I 

The  postwar  period  has  seen  the  reestablishment  and  reorganization  of  I 
British  administration,  the  resumption  of  trade  and  European-controlled  [ 
production  (largely  rubber,  timber,  and  oil),  and  some  new  patterns  of 
interaction  between  groups.  In  general,  as  in  the  past,  British  Borneo 
has  remained  outside  the  swirl  of  movements  and  issues  that  involve 
its  larger  region.  This  is  the  only  area  of  Southeast  Asia— outside  of  the  ; 
Philippines— where  the  European  does  not  feel  some  threat,  definite  or 
indefinite,  in  the  social  situations  through  which  he  moves. 

The  contemporary  social  structure  of  British  Borneo  is  a  stratified 
one,  with  small  groups  of  forest  nomads  at  the  bottom  and  the  Europeans 
at  the  top.  It  reflects  most  of  the  history  of  contacts  from  the  outside 
and  seems  to  be  changing  quite  rapidly  in  its  internal  character.  [ 

The  forest  nomads  are  very  small  groups  of  Malaysian  hunters  and  ^ 
gatherers  in  the  deep  interior  of  northern  Sarawak,  some  of  whom  seem  to  ' 
have  collected  in  permanent  settlements  in  recent  times.^  Around  them, 
along  the  interior  rivers,  are  semipermanent  “longhouse"*  settlements  of 
hunters,  gatherers,  and  rice-and-tapioca  growers.  Most  of  these  people  \ 
plant  on  serially-cleared  jungle  hillsides,  although  others,  even  in  the 
deep  interior,  plant  their  rice  on  irrigated  flatlands.  These  longhouse 
people  form  the  bulk  of  the  indigenous  population,  probably  about  360,000  ■ 

in  number.  They  speak  a  variety  of  Malayo-Polynesian  languages  and 
dialects  that  appear  to  be  in  close  relationship. 

Toward  the  coast,  these  languages,  as  well  as  the  longhouses,  tend  ! 
to  disappear,  and  the  language  resembles  more  closely  that  of  peninsular 
Malay.  These  coastal  peoples,  with  a  variety  of  names  and  histories, 
are  sometimes  grouped  as  “Para-Malays. They  seem  to  represent  the 
more  than  six  centuries  of  contact  that  the  area  has  had  with  Islamic 
Malay  culture,  most  of  it  through  the  Brunei  and  Sulu  kingdoms.  This 
group  numbers  about  280,000.  I 

The  Chinese  in  Borneo^  are  numerous  and  important,  although  they  1 
seem  to  be  relatively  recent  immigrants.  They  come  from  Fukien  and  t 
Kwantung  Provinces  and  speak  mc»e  dian  a  dozen  dialects.  They  exploit  | 
small  farm  holdings  and  own  and  operate  most  of  the  retail  and  wholesale  i 
trade.  Some  are  mechanics  and  clerks.  The  writer’s  impression  is  that  ( 
they  are  more  culturally  isolated  from  their  homeland  than  are  the  Chinese  f 

*Not  all  of  these  people  now  live  in  longhouses,  but  nearly  all  ^>pear  to  have  hod  this  f 
kind  of  settlement  in  the  past.  | 
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in  many  other  parts  of  Southeast  Asia.  The  Chinese  in  British  Borneo 
probably  number  slightly  less  than  300,000. 

The  “other  Asians”  represent  a  very  small  sprinkling  of  Indians, 
Burmese,  and  occasional  groups  of  Filipinos  and  Indonesians,  most  of 
them,  like  the  Chinese,  were  originally  tied  to  European  administration 
and  exploitation.  They  are  laborers,  small  farmers,  small  shopkeepers,  and 
clerks,  some  “higher”  and  some  “lower”  than  the  possible  “middle” 
range  of  the  Chinese.  These  people  number  about  22,000. 

There  is  also  a  very  small  sprinkling  of  Eurasians,  a  group  that  tends 
to  include  European-educated  individuals  of  the  other  Asian  groups  in 
British  Borneo.  They  are  usually  clerks,  school  teachers,  and  lower  rank 
government  officials. 

The  Europeans,  nearly  all  British,  number  less  than  2,000.  Virtually 
all  of  them  are  transient  in  the  sense  that  they  are  simply  jobholders  in 
government  or  in  businesses  owned  in  Britain  and  other  European  coun¬ 
tries.  A  dozen  or  so  “old-timers,”  who  survived  the  Japanese  concentra¬ 
tion  camps,  are  retired  and  settled  in  the  territory,  and  are  articulate 
commentators  on  local  social  and  economic  issues. 

Anthropological  Research  and  Writings 

For  the  earliest  period  of  writing,  the  anthropologist  finds  data  in 
Hugh  Low  (1848),^°  Spenser  St.  John  (1858),^'  and  in  the  writings  by 
and  about  James  Brooke.*^  For  a  later  period,  one  reads  C.  A.  Bock 
(1881),“  Ling  Roth  (1896),“  A.  Haddon  (1901),“  and  W.  H.  Furness 
(1902).“  In  1912,  C.  Hose  and  W.  McDougall's  The  Pagan  Tribes  ot 
Bomeo^^  appeared,  but  its  description  of  tribes  other  than  those  of  the 
middle  Baram  River  is  often  unsatisfactory.  In  1923,  Ivor  Evans,  who 
still  lives  and  writes  in  Labuan  in  British  North  Borneo,  brought  out 
his  first  book  of  detailed  material  about  some  of  the  Dusuns  of  this 
country.**  Then,  in  1925  and  1929,  two  more  books  appeared  with  anthro¬ 
pological  information  about  British  North  Borneo,  both  by  Owen  Rutter,*® 
a  government  official  and  writer. 

In  the  years  just  before  and  after  the  Japanese  War,  a  number  of 
articles  were  published  in  regional  journals  by  government  officials, 
and  here  one  can  mention  particularly  the  names  of  H.  G.  Keith^  and 
G.C.  Wooley^*  for  British  North  Borneo,  and  R.S.  Douglas,”  E.  Banks,” 
and  F.  H.  Pollard^  for  the  natives  of  Sarawak.  For  these  years,  one  can 
also  mention  the  name  of  Raymond  Kennedy  for  Borneo  in  general,”  al¬ 
though  Kennedy  did  not  visit  the  British  Borneo  territories  to  the  writer’s 
knowledge. 

In  1944  and  1945,  two  American  books  on  Southeast  Asia  appeared 
with  statements  about  Borneo, by  Bruno  Lasker”  and  Fay  Cooper-Cole.” 
Unfortunately,  statements  of  detail  and  generality  about  British  Borneo 
in  each  are  usually  discounted  by  students  of  today. 


64 


TRANSACTIONS 


In  the  years  since  1945,  many  publications  have  appeared  that  can  be 
said  to  reflect  more  closely  contemporary  anthropological  standards. 
First  in  quantity  of  output  in  this  group  are  various  articles  by  Tom 
Harisson,  Government  Ethnologist  and  Curator  of  the  Sarawak  Museum, 
in  Kuching.^  Harisson,  more  a  naturalist  than  a  professionally  trained 
anthropologist,  has  produced  some  useful  anthropological  documents 
since  his  first  visit  to  Borneo  in  1933  and,  since  the  war,  his  anthro¬ 
pologically  oriented  interest  seems  to  have  increased. 

In  1947,  E.  R.  Leach,  then  of  the  London  School  of  Economics  and 
now  of  Cambridge  University,  visited  Sarawak  and,  more  briefly,  British 
North  Borneo,  for  the  Colonial  Office  Social  Science  Research  Council. 
In  1950,  he  brought  out  his  Social  Science  Research  in  Sarawak,^  and, 
as  a  result  of  his  recommendations,  we  have  a  number  of  good  reports  by 
anthropologists.^^  In  1951,  Rodney  Needham,  an  Oxford  anthropologist, 
worked  with  the  nomadic  Penan  in  the  interior  of  northern  Sarawak  and, 
by  the  end  of  1954,  he  had  produced  five  short  psqiers  on  aspects  of 
their  culture. 

For  British  North  Borneo,  as  opposed  to  Sarawak,  there  is  much  less 
to  report.  From  Ivor  Evans  there  are  several  papers  and  a  volume  (1953)*^ 
on  cultural  details  in  several  Dusun  groups. 

In  addition  to  these  more  or  less  technical  works,  one  can  find  short 
communications  by  government  ctfficials  and  missionaries  in  the  English 
and  regional  journals.  Outstanding  amongst  these  are  linguistic  analyses 
by  workers  in  an  Australian  Protestant  mission.^  There  is  also  a  fine 
historical  monograph  on  the  nineteenth  century  European  penetration  of 
Borneo  by  Graham  Irwin  of  the  University  of  Malaya,^  in  Singfqiore. 

If  one  looks  at  cunent  research  in  British  Borneo,  the  prospects  seem 
somewhat  dimmed.  The  projects  recommended  by  Leach  are  now  com¬ 
pleted,  except  for  a  geographical  study  of  Sarawak  Malay  fishermen  that 
is  being  made  under  the  direction  of  E.  H.  G.  Dobby  of  the  University  of 
Malaya.  A  Social  Science  Committee  at  this  university,  directed,  for  the 
most  part,  by  T.  H.  Silcock  of  the  Economics  Department,  has  been 
formed,  and  several  young  anthropologists  have  worked  under  this 
sponsorship  in  Malaya.  Now,  however,  it  appears  that  the  program  is  to 
be  terminated  before  work  can  be  done  in  British  Borneo.  The  University 
of  Malaya  has  no  anthropologists  or  sociologists. 

We  can  e]q>ect  more  material  from  Rodney  Needham  on  the  Penan, 
including,  perhaps,  a  full  length  book  or  monograph.  From  Tom  Harisson 
will  come  much  varied  material  on  the  ethnology  of  Borneo,  as  well  as 
more  specific  information  about  the  Kelabits,  a  small  longhouse  group 


in  the  interior  of  northern  Sarawak.  Harisson  is  now  working  hard  at  t 
arche'ological  research,  with  the  part-time  collaboration  of  naturalist 
M.  W.  F.  Tweedie,  Curator  of  the  Raffles  Museum  in  Singapore.^  I  i 

For  British  North  Borneo,  one  can  mentio:  that  Ivor  Evans  is  still  i 
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Wilting  articles  on  his  earlier  research  materials,  and  that  a  Columbia 
University  student,  David  Fortier,  is  finishing  up  a  two-year  Ford 
Foundation  study  of  rural  Chinese  settlers  on  the  outer  edges  of  the 
interior  there. 

There  is  also  a  continuing  local  Government-sponsored  program  of 
research  in  which  the  writer  is  participating.  This  is  a  study  of  de¬ 
population  among  the  Muruts  of  the  interior,  one  of  the  two  longhouse 
groups  in  the  Colony.  This  work  is  being  done  jointly  by  Doctor  Ivan 
Polunin  of  the  Department  of  Social  Medicine  and  Public  Health  of  the 
University  of  Malaya,  and  the  writer.  Doctor  Polunin,  the  author  of  a 
medical  study  of  Malayan  aborigines,^  is  working  during  his  vacation 
periods,  and  his  work  should  continue  for  several  years  before  a  final 
report  appears.  Interim  publications  by  both  workers  are  planned,  in¬ 
cluding  a  number  of  short  papers  and  a  preliminary  monograph  by  the 
writer.  * 

With  this  infrxmation  at  hand,  one  turns  next  to  the  question  of  needed 
research  programs.  The  foregoing  should  have  made  it  clear  that  there 
is  need  for  more  anthropological  work.  The  conditions  for  such  work 
are  certainly  good,  although  the  time  and  costs  for  travel  to  and  from 
the  region  are  something  of  a  handicap. 

Probably,  the  first  need  is  for  more  ordinary  functional  ethnographies. 
Without  these,  comparative  and  historical  generalizations  are  of  doubtful 
validity,  and  tribal  maps  cannot  be  drawn.  Perhaps,  too,  more  ethnogra¬ 
phies  will  help  to  clear  up  the  present  astounding  confusion  in  tribal 
names.  “ 

In  addition  to  the  small  numbers  of  ethnographies  we  have  now,  one 
can  hope  that  Harisson’s  work  on  the  Kelabits  will  provide  a  rounded 
picture  of  this  small  group.  One  can  hope,  too,  that  the  writer’s  work 
will  provide  similar  information  on  the  larger  group  of  North  Borneo 
Muruts.  There  is  need  for  similar  information  about  the  interior  and 
middle  Baram  River  peoples  in  Sarawak,  the  Dusuns  of  British  North 
Borneo,  and  the  various  Para-Malay  groups  in  all  of  the  British  territories. 

It  probably  has  been  apparent  in  this  review  that  information  about  Brunei 
is  scanty,  for  although  the  territory  and  number  of  people  are  small,  their 
cultural  importance  appears  to  have  been  great  in  the  recent  past. 

A  more  difficult  problem  is  the  relationships  of  British  Borneo  peoples 
with  those  of  the  interior  of  Kalimantan.  There  is  little  prospect  of 
getting  ethnographic  material  from  this  area  in  the  near  future,  but  the 
prospects  of  relating  North  Borneo  peoples  with  those  of  the  nearby 
Philippines  is  now  quite  good.  There  seems  to  be  much  interest  in 
anthropological  work  in  this  country. 

Among  the  specializations,  it  is  probably  linguistic  work  that  is  most 
needed  now  in  British  Borneo.  All  of  the  British  workers  have  been 

*A  monograpli  on  British  Borneo  Is  now  in  preparation  at  the  University  of  Chicago, 
Chicago,  Ill.,  based  on  published  sotirces.”  It  is  part  of  one  of  the  HRAF  studies. 
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deficient  in  this  field  and,  at  present,  the  only  phonemically  organized 
data  are  those  from  the  Australian  missionaries.  It  is  certain'that  when 
more  languages  have  been  recorded  adequately,  a  great  many  questions 
other  til  an  linguistic  ones  will  be  answered. 

In  the  field  of  physical  anthropology,  there  is  only  one  paper^®  that 
represents  recent  objectives  and  problems  in  research.  This  paper 
covered  only  Sarawak  and  Brunei.  It  is  to  be  hoped  that  Polunin*s  work 
on  the  Muruts  of  North  Borneo  will  provide  data  from  that  Colony. 

From  the  writer's  point  of  view,  there  is  need  also  for  the  “psycho- 
cultural”  kind  of  ethnography  in  British  Borneo.  Lack  of  time  in  the 
field  prevented  an  adequate  collection  of  this  kind  of  data  but,  ultimately, 
it  is  hoped  such  information  will  be  provided.  When  it  is  at  hand,  it 
should  be  compared  with  that  from  groups  closer  than  Bali  or  Alor. 

The  Writer’s  1954-1955  Research 

This  work  was  undertaken  with  support  by  the  Fulbright  Fund,  through 
the  nominal  sponsorship  of  the  University  of  Malaya,  and  with  further 
support  in  British  North  Borneo  by  the  Medical  Department  of  the  Colony 
Government.  From  the  beginning,  at  Jesselton,  in  September  1954,  until 
my  departure  for  Singapore  and  London  in  May  1955,  every  sort  of 
personal  and  official  cooperation  was  provided.  Conversations  and 
interviews  were  had  with  all  interested  individuals  and  officials,  and 
many  official  records  were  made  available. 

There  was  a  preliminary  period  of  travel  in  the  interior,  and  then 
intensive  participation  began  in  a  deep  interior  village  where  Polunin 
had  just  completed  two  months  of  medical  research.  Three  months  were 
spent  here,  and  then  shorter  periods  were  spent  in  five  other  communities 
widely  scattered  over  the  Murut  area.  There  was  not  sufficient  time, 
however,  to  visit  communities  in  the  far  south  and  southeast  of  the 
Murut  area. 

The  contact  language  was  Malay.  The  writer  knew  some  of  this 
language  on  arrival  and  was  able  steadily  to  improve  his  command  of  it 
during  his  stay.  Few  Muruts  knew  this  language  well,  however,  and 
language  difficulties  always  impeded  the  work.  Much  time  was  spent  in 
analysis  and  recording  of  the  Murut  language,  and  a  report  on  this  aspect 
of  the  work  is  an  early  consideration.  Fortunately,  some  work  on  the 
language  has  already  been  done  by  W.  C.  and  S.  P.  Lees  of  the  Borneo 
Evangelical  Mission,  and  this  should  mesh  well  with  the  writer’s  data. 

Two  further  factors  impeded  the  collection  of  data.  One  of  these  was 
the  distance  and  difficulty  of  travel  between  scattered  villages.  En 
route,  one  found  little  time  for  intensive  research.  The  second  factor 
was  that  of  native  hospitality.  The  first  and  last  three  days  of  one’s 
stay  in  any  Murut  village  were  marked  by  a  continuous  wine-drinking 
feast  and,  as  the  guest  of  honor,  the  anthropologist  found  considerable 
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difficulty  in  observing  village  activities  away  from  the  drinking  jars 
during  these  times. 

In  spite  of  these  difficulties,  a  considerable  amount  of  material  was 
collected.  There  are  diaries  and  more  intensive  observational  records  for 
most  of  the  field  period.  There  are  also  a  large  number  of  photographs, 
diagrams,  maps,  linguistic  records,  and  some  tape  recordings  of  music. 
A  large  collection  of  artifacts  was  made  for  the  American  Museum  of 
Natural  History.  There  is  sufficient  material  for  at  least  an  outline 
ethnography  of  the  tribe,  and  intensive  data  for  careful  descriptions  of 
at  least  several  cultural  aspects.  The  data  now  at  hand  might  also  be 
said  to  be  sufficient  for  the  formulation  of  a  number  of  quite  pertinent 
hypotheses,  and  it  is  now  hoped  that  a  return  can  be  made  to  British 
North  Borneo  for  more  intensive  studies  when  these  are  in  order. 
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THE  EFFECT  OF  SYNTHETIC  COMPOUNDS  ON  SPORULATION  OF 
MOmUNlA  FRUCTICOLA** 

By  James  G.  Horsfall  and  Saul  Rich*** 

Department  of  Plant  Pathology  and  Botany,  The  Connecticut  Agricultural 
Experiment  Station,  New  Haven,  Conn. 

Despite  volumes  of  related  data,  essentially  nothing  is  known  about 
the  effect  of  synthetic  compounds  on  the  asexual  sporulation  of  fungi. 

Sporulation  differs  significantly  from  hyphal  growth  and  spore  germi¬ 
nation.  Spore  germination  expresses  chiefly  the  expansion  phase  of 
growth.  A  germ  tube  is  not  a  new  cell,  at  least  not  at  first.  It  is  merely 
a  ballooning  of  tissue  through  a  weakened  spot  in  the  spore  wall. 

Hyphal  growth  requires  new  cells  as  well  as  expansion  of  the  old. 
Asexual  sporulation  is  the  detachment  of  new  cells,  as  well  as  their 
production  and  expansion. 

For  some  years,  we  have  been  studying  the  effect  of  synthetic  com¬ 
pounds  on  asexual  sporulation.  Initially,  we  were  searching  for  com¬ 
pounds  that  could  control  plant  disease  by  inhibiting  sporulation  of  the 
causal  fungi. 

Other  interests  came  forward  as  the  work  progressed.  We  hope  to  shed 
some  light  on  the  biochemistry  of  sporulation  by  learning  something  of 
the  mechanism  of  action  of  compoimds  that  enhance  or  impede  sporula¬ 
tion.  We  hope  also  that  the  data  may  be  useful  ip  studying  the  basic 
mechanism  of  cell  division. 

At  the  outset  of  the  research,  we  decided  to  try  three  tacks,  (1)  to  see 
if  mitotic  poisons  would  inhibit  sporulation  by  inhibiting  mitosis;  (2)  to 
see  if  chelating  agents  would  reduce  sporulation  (in  1927,  Bortels  had 
shown  that  metals  are  necessary  for  sporulation);  and  (3)  to  go  on  a 
fishing  trip  to  see  what  compounds  we  could  uncover  that  might  affect 
sporulation. 

Materials  and  Methods 

The  test  fungus  was  Monilinia  fructicola,  an  organism  on  which  we 
already  had  spcx-e  germination  data  for  the  test  compounds.  Since  the 
fungus  produces  spores  only  moderately  well  on  the  basal  medium  used, 
we  could  easily  observe  whether  sporulation  had  been  enhanced,  impeded. 
Of  not  affected  by  the  test  compound. 

The  ingredients  in  grams  per  liter  of  the  basal  medium  were  casamino 
acids,  2;  yeast  extract,  1;  dextrose,  15;  KH^PO^,  1.5;  MgSO^,  1;  and 
agar,  20.  The  trace  elements  in  the  basal  medium  were  aluminum,  boron, 
cobalt,  copper,  iodine,  lithium,  manganese,  nickel,  sulfur,  tin,  titanium, 

•The  Section  of  Ocecuiography  and  Meteorology  held  a  meeting  on  October  24,  1955  at 
which  a  paper  entitled  ‘‘Planetary  Circulation  and  Cyclogenesis**  was  given  by  Paul 
Rtethjen.  Tlds  paper  will  be  published  in  the  December  issue  of  the  TRANSACTIONS. 

••This  paper.  Illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
»  October  28,  1955. 

^••The  writers  wish  to  express  their  thanks  for  the  assistance  of  Mr.  A.  D.  McDonnell, 
without  whose  help  the  research  would  have  remained  undone. 
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and  zinc.  The  initial  pH  was  5.3.  Monilinia  reduces  the  pH  slightly  as  it 
grows. 

The  test  compound  was  dissolved  in  10  ml.  of  acetone  and  dispersed 
in  the  warm  melted  agar  at  two  concentrations,  400  and  100  p.p.m.  which 
was  poured,  cooled,  and  inoculated  in  duplicate  with  a  mixed  inoculuo 
of  hyphal  fragments  and  conidia.  After  four  or  five  days  at  about  25°  C., 
the  colony  was  measured. 

In  these  exploratory  experiments,  we  estimated  the  amount  of  sporula- 
tion  by  eye,  using  a  wide-field,  dissecting  microscope.  Sporulation  was 
separated  into  five  grades  of  intensity  as  follows:  0  =  no  sporulation, 
1  =  trace  of  sporulation,  2  =  weak  sporulation,  3  =  moderate  sporulation 
equal  to  the  check,  and  4  =  copious  sporulation  or  better  sporulation  than 
the  check.  This  method  gives  reasonably  good  results.  The  normal  check 
sporulation  was  assigned  the  grade  of  3.  Occasionally,  sporulation  was 
estimated  as  an  intergrade. 

We  recognize  that  the  experimental  design  confounds  hyphal  growth 
with  sporulation.  The  inclusion  of  hyphal  fragments  in  the  inoculum 
avoided  confusion  with  spcxe  germination  also. 

The  whole  research  is  really  based  on  the  assumption  that  proliferation 
and  differentiation  of  spore  cells  differs  biochemically  in  some  respects, 
at  least,  from  formation  of  hyphal  cells.  And  yet  the  experimental  design 
imposes  the  limitation  that  spores  can  be  formed  only  on  hyphae  that  ate 
living  in  the  presence  of  the  test  compound. 

We  have  attempted  to  compensate  in  part  for  the  effect  of  the  compound 
on  the  thallus  by  estimating  sporulation  on  a  unit  area  basis. 

Since  most  compounds  induced  some  dwarfing,  the  data  showing  in¬ 
creased  sporulation  are  more  trustworthy  than  the  data  on  decreased 
sporulation.  The  data  on  decreased  sporulation  presumably  can  be  trusted 
when  hyphal  growth  is  normal. 

Since  sporulation  tends  to  increase  as  dosage  declines,  a  further  re¬ 
duction  of  dosage  sometimes  converts  what,  at  first,  is  called  an  inhibi¬ 
tor  of  sporulation  into  a  stimulator.* 

Compounds  That  Impede  Sporulation 

Effect  of  mitotic  poisons.  Very  little  is  known  about  mitotic  inhibitors 
for  fungi,  but  Horsfall  (1955)  has  assembled  a  list  of  compounds  that  are 
known  to  inhibit  the  division  of  chromosomes  of  various  organisms.  The 
six  for  which  we  have  sporulation  data  are  given  in  table  1.  Without 
exception,  the  compounds  decreased  sporulation  of  Monilinia. 

Among  these  is  ethyl  carbamate  (urethane).  We  followed  this  lead  a 
short  way  and  tested  12  other  carbamates.  The  following  carbamates 
reduced  sporulation  at  the  two  test  concentrations:  ethyl-N-phenylcarba- 
mate;  ethyl-N-phenyl-N-benzylcarbamate;  ethyl-N,N-diethylcarbamate; 

*The  test  compounds  were  obtained  from  various  sources,  usually  from  Eastman  Kodak 
Company,  Rochester,  N.  Y.,  sometimes  from  the  Chemical-Biological  Coordination  Center 
of  the  National  Research  Council,  Washington,  D.  C.,  to  whom  we  express  our  thanks. 
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ethyl-N-butylcarbamate;  ethyl-N,N-dibutylcarbamate;  ethyl-N-N -dipropyl- 
carbamate;  and  the  ethyl  ester  of  morpholine-4-carboxylic  acid. 

Methylcarbamate  and  ethyl-N-isopropylcarbamate  were  without  effect 
on  sporulation. 

There  was  some  evidence  that  sporulation  was  enhanced  by  ethyl-N- 
propylcarbamate,  isopropyl-N-phenylcarbamate,  and  also  by  ethyl-N- 
phenyl-N-benzylcarbamate  at  only  low  doses. 

Two  sulfur  analogues,  thionoethylcarbamate  and  ethylthiono-N-ethyl- 
carbamate,  reduced  sporulation  very  drastically. 

Those  who  have  studied  the  effect  of  compounds  on  mitosis  in  various 
tissues  have  noted  that  many  hydrocarbons  and  chlorinated  hydrocarbons 
affect  the  spindle  fibers  so  that  the  daughter  nuclei  do  not  move  into  the 
daughter  cells.  These  compounds  produce  as  much  mitotic  damage  as 
those  that  inhibit  the  splitting  of  chromosomes. 

In  our  tests,  the  hydrocarbons  were  far  from  uniformly  active  on  sporu¬ 
lation.  We  tested  about  25  compounds.  The  following  were  recorded  as 
reducing  sporulation  at  one  or  the  other  of  the  standard  concentrations: 
l-chloro-2-iodobenzene;  monomethyl  naphthalene  (mixture),  hexachloro- 
naphthalene;  1,3,5,6-tetrachloronaphthalene;  polyamylnaphthalene;  di¬ 
phenyl;  chlorinated  diphenyl  (mixture);  diphenylmethane;  phenanthrene, 
1,1,2-trichloroethane;  and  tetrachloroethylene.  Fourteen  other  hydro¬ 
carbons  or  chlorinated  hydrocarbons  were  without  effect. 

The  data  certainly  suggest  that,  in  general,  mitotic  inhibitors  act  to 
inhibit  sporulation,  but  the  data  are  not  without  exceptions.  The  subject 
can  stand  additional  research. 

Effect  of  Chelating  Agents 

Yarwood  (1937)  showed  that  the  sporulation  of  Peronospora  destructor 
on  onion  could  be  impeded  by  treating  the  diseased  plants  with  lime 
sulfur.  It  seems  probable  that  the  H^S  in  the  lime  sulfur  bound  up  the 

Table  1 

Effect  of  Mitotic  Inhibitors  on  Sporulation 


No.  Name  of  compound 

Growth, 

%  of  check 

Sporulation 

400  p.p.m. 

100  p.p.m. 

400  p.p.m. 

100  p.p.m 

881  Captan 

0* 

98’ 

- 

2.5’ 

372  Catechol 

0 

52 

- 

2 

48  Tetrachloro-p-benzoquinone 

()» 

60* 

- 

2.5’ 

429  Ethyl  carbamate  (Urethane) 

77 

101 

2.3 

2.5 

806  o-Naphthylamine 

67‘ 

70* 

2.01 

3.0’ 

558  Sodium  thiocyanate 

100 

100 

0 

2.5 

1  Sulfanilamide) 

- 

40’ 

- 

2.5’ 

^Dosage  was  25  p.p.m. 

^Dosage  was  6.25  p.p.m. 

*Also  reduces  sporulation  of  Attemaria  sp.,  Peniciliium  sp..  and  AapargiiluB  niger. 
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needed  metals  as  sulfides  and  thus  robbed  the  fungus  of  metals.  Rid 
and  Horsfall  (1948)  impeded  the  sporulation  of  Aspergillus  niget  by 
treating  the  medium  with  dimethylglyoxime. 

In  this  work,  we  have  investigated  a  host  of  other  chelating  compounds. 
A  somewhat  random  selection  of  chelating  agents  is  given  in  Table  10.3 
of  Martell  and  Calvin  (1952).  The  sporulation  results  for  these  are  given 
in  TABLE  2.  The  results  are  striking  indeed.  Every  chelating  compound 


Table  2 

Effect  of  a  Random  Set  of  Chelating  Agents  on  Sporulation 


Name 

Color 

of 

hyphae 

Growth, 

%  of  check 

Sporulation 

400  p.p.m.  100  p.p.m. 

400  p.p.m. 

100  p.p.m. 

Benzoin  oxime 

White 

12 

42 

2 

3 

Cupferron 

White 

50* 

60* 

3-4* 

3-4* 

Dimethylaminobenza 

- 

rhodanine 

N’ 

- 

100 

- 

- 

Dimethylglyoxime 

N* 

20 

83 

1 

3 

Diphenylcarbazide 

N’ 

0 

60 

- 

4 

Diphenylthiocarbazone  White 

112 

128 

1-2 

2 

1-Hydrox  yanthra- 

quinone 

Not  tested 

p-N  itrobenzene-azo- 

o-naphthol 

N’ 

56 

72 

4 

4 

l-Nitroso-2-naphthol 

- 

0 

0 

- 

- 

Phenylthiohydantoic 

acid^ 

White 

37* 

36* 

2-3* 

3* 

Potassium  ethyl 

xanthate 

White 

0* 

35* 

- 

2-3* 

Rubeanic  acid 

4 

(dithio-  oxamide  ) 

White 

60 

82 

2-3 

3 

Salicylaldoxime 

Tan 

45* 

65* 

2-3* 

3* 

Sodium  diethyldithio- 

carbamate 

White 

- 

40 

. 

2 

Sodium  dihydroxy- 

tartrate  osazone 

White 

18 

38 

1-2 

2 

Titan  yellow 

N* 

54 

100 

3 

2-3 

Chromatropic  acid 

Tan 

80 

81 

3 

3 

0,  a-Dipyridyl’ 

Not  tested 

Nitroso-R-salt 

N’ 

100 

100 

2-3 

2 

o-Phenanthroline 

Not  tested 

Quinalizarine 

N’ 

65 

80 

2-3 

3 

Thioglycolic  acid 

White 

71 

110 

1-2 

3 

^Dosage  was  25  p.p.m. 

^Dosage  was  6.25  p.p.m. 

*N  means  normal  color. 

^E.K.  now  says  it  is  Q-Mercaptoacetanilide. 

’Not  tested  on  AT.  Iructlcola.  A.  niger  sporulation  reduced. 
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I 

except  one  reduced  sporulation  of  M.  fructicola,  presumably  by  interfering 
with  metal  nutrition. 

Compounds  That  Enhance  Sporulation  | 

Numerous  compounds  seem  to  enhance  sporulation  of  Monilinia  Iruc-  ^ 
ticola.  Many  of  the  stimulating  compounds  cluster  around  two  very  distinct  ^ 
patterns.  These  are  the  a,/3-unsaturated  ketones,  acids  and  amides,  and 
the  steric  relatives  of  bis(4-dimethylaminophenyl)  methane. 

a,/S-UnsatUTated  ketones.  The  data  on  the  16  tested  a,/3-unsaturated  ! 
ketones  are  given  in  table  3.  The  data  show  that  10  of  the  compounds  j 
enhance  sporulation  of  the  test  fungus.  In  four  of  the  six  that  do  not 
enhance  sporulation,  the  /6-carbon  is  substituted  so  that  it  cannot  react. 

In  the  other  two,  the  a-  or  the  y-  carbon  is  so  substituted  that  the  ft-  . 
carbon  could  be  sterically  hindered  from  reacting. 

The  action  of  the  three  uracils  is  interesting.  We  have  not  investigated  ■ 
the  reactions  of  the  /3-carbon  in  these  compounds,  but  it  is  interesting  I 
that  the  only  inactive  uracil  has  its  /3-carbon  blocked  with  an  amino  [ 
group.  We  need  data  on  more  coumarin  derivatives,  but  it  is  interesting  ; 
that  of  the  two  tested,  one  is  active,  and  that  the  /3-carbon  of  the  inactive  ' 
one  is  substituted  with  a  methyl  group.  ■ 

Maleic  hydrazide  and  3-aminophthalhydrazide  are  interesting.  The  ! 
Naugatuck  Chemical  Company,  Naugatuck,  Conn.,  who  make  maleic 
hydrazide,  informs  us  that  this  compound  does  not  give  the  chemical  re-  ! 
action  typical  of  a,/6-unsaturated  ketones.  Nevertheless,  the  compound  f 
acts  on  our  fungus  as  other  a,y6-unsaturated  ketones  do. 

Similarly,  we  accumulated  data  on  12  a,/3-unsatuTated  acids,  amides,  | 
and  esters  as  displayed  in  table  4.  Only  two  of  these  12  failed  to  f 

Table  4  [ 

Effect  of  a,/8-UNSATURATED  Acids,  Amides,  ! 

AND  Esters  on  Sporulation  j 


Growth, 

7o  of  check 

Sporulation 

Name 

400  p.p.m.  100 

1  p.p.m. 

400  p.p.m. 

TOO  p.p.m. 

Fumaric  acid 

4Q 

93 

2 

3 

Aconitic  acid 

100 

100 

3-4 

3 

Aconitic  acid 

89 

91 

3-4 

3-4 

Crotonic  acid 

20 

78 

3 

3-4 

Itaconic  acid 

100 

100 

3-4 

3-4 

Crotonamide 

75 

68 

3-4 

3 

N-ethyl-p-crotonotoluidide 

0 

92 

- 

2 

Coumarilic  acid 

43 

80 

3 

4 

N-sec-butyl-N,N  -p-phenyl- 
enebis  crotonamide 

55 

47 

2-3 

3-4 

yS-Ethoxyethyl  crotonate 

96 

97 

4 

3-4 

o-Chlorocinnamic  acid 

0 

29 

- 

3-4 

/8-Aminocrotonophenone 

0 

0 

- 

- 

Maleic  acid 

25 

81 

3-4 

3 

derivatives  of  BIS(4-DimETHYLAMINOPHENYL)METHANE  on  Sporulation 
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enhance  sporulation.  By  far  the  most  interesting  of  these  two  is  fumaiic 
acid,  the  trans-isomer  of  maleic  acid  which  was  effective.  It  seems  likely 
that  the  trans-carboxyl  groups  successfully  hinder  the  reactivity  of  the 
/3-carbons.  We  probably  need  confirmation  of  the  negative  performance  of 
the  other  compound,  N-ethyl-m-crotonotoluidide. 

The  data  seem  rather  convincing  that  unless  the  /3-carbon  is  substituted 
or  sterically  hindered,  a,yS-unsaturated  ketones,  acids,  and  amides  will 
enhance  sporulation. 

Our  provisional  conclusion  is  that  the  /3-carbon  probably  forms  an 
addition  compound  with  some  chemical  inhibitor  of  sporulation  that  occurs 
in  the  medium  we  use.  Whether  this  inhibitor  occurs  in  the  basal  medium 
or  is  produced  by  the  fungus,  we  do  not  yet  know. 

Derivatives  of  bis(4-diinethylaminophenyl^ethane.  The  data  on  the 
derivatives  of  bis(4-dimethylaminophenyl)methane  (Arnolds’  base)  occur 
in  TABLES  5  to  7.  Actually,  bis(4-dimethylaminophenyl)methane  itself 

Table  6 

Effect  of  Benzidine  Derivatives  on  Sporulation 


No. 

Name 

Dosage  in  p.p.m. 

400 

100 

25 

6.25 

Gr. 

Sp. 

Gr. 

Sp. 

Gr. 

Sp. 

Gr. 

Sp. 

163 

Benzidine  HCl 

70 

0 

Ill 

0 

- 

- 

- 

- 

534 

Benzidine 

? 

4 

? 

4 

. 

. 

534 

Benzidine 

0 

137 

2-3 

182 

3 

165 

4 

619 

Diphenylbenzidine 

100 

3 

100 

3-4 

- 

- 

- 

- 

779 

m-Tolidine 

74 

2 

100 

2-3 

. 

. 

. 

779 

m-Tolidine 

0 

- 

0 

- 

- 

3-4 

- 

3-4 

780 

o-Tolidine  HCl 

22 

4 

92 

3 

. 

. 

. 

780 

o-Tolidine  HCl 

0 

- 

74 

2 

109 

3 

186 

4 

781 

3  ’  -Sulfobenzidine 

100 

3 

100 

3-4 

. 

. 

. 

781 

3  -Sulfobenzidine 

52 

3 

104 

4 

183 

3-4 

- 

- 

783 

Dichlorobenzidine 

dihydrochloride 

0 

- 

13 

2-3 

. 

- 

- 

. 

783 

Dichlorobenzidine 

dihydrochloride 

- 

- 

- 

- 

85 

2 

71 

3 

786 

3,3’  -Disulfobenzidine 

35 

3-4 

58 

3 

. 

. 

. 

786 

3,3  -Disulfobenzidine 

- 

- 

0 

- 

22 

3-4 

220 

4 

888 

Di-o-anisidine 

0 

97 

4 

. 

. 

888 

Di-o-anisidine 

0 

- 

30 

- 

174 

3-4 

191 

4 

1235 

N,N,n',n' -Tetraethyl- 

benzidinp 

55 

2-3 

79 

3 

- 

- 

- 

- 

1235 

N,N,N  ,N  -Tetraethyl- 

benzidine 

0 

- 

10.5 

2 

92 

3-4 

156 

3-4 
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(table  5)  is  a  pretty  poor  stimulant  for  sporulation  (see  Nos.  436,  625, 
639).  Some  of  its  derivatives  are  much  more  effective.  One  wonders  if  the 
amines  have  to  be  tertiary,  i.e.,  fully  substituted,  as  in  Arnolds’  base. 
Compounds  473  and  875  comprise  primary  amines.  They  are  possibly  more 
effective  than  the  tertiary  amines,  certainly  not  less  so.  They  are,  how¬ 
ever,  somewhat  more  polar.  The  molecule  of  Arnolds’  base  may  be  made 
more  polar  by  adding  a  hydroxyl  group  (No.  1270)  or  an  amine  hydrochlo¬ 
ride  (No.  4)  to  the  bridge.  These  substitutions  appear  to  improve  the 
activity  of  Arnolds’  base.  We  conclude,  then,  that  the  extra  activity  in 
Nos.  4  ,  473  ,  875,  and  1270  is  due  to  increased  polarity  and,  presumably, 
to  increased  permeability  into  the  fungus. 

A  second  natural  question  concerns  the  need  for  the  methane  bridge. 
We  tested  numerous  benzidine  derivatives  with  no  bridge  between  the 
rings  (table  6).  The  closest  analogues  to  Arnolds’  base  are  No.  1235, 
tetraethylbenzidine,  and  No.  619,  diphenylbenzidine.  These  appear,  like 
Arnolds’  base,  to  be  weakly  active.  The  other  compounds  listed  in 
TABL’-  6  are  more  polar  than  these  two,  and  they  are  slightly  more 
active.  In  any  case,  it  appears  that  probably  the  methane  bridge  does  not 
exercise  first-order  importance  in  reactivity.  This  is  confirmed  by  the 
activity  of  compound  No.  874  (table  7).  This  weakly  active  compound 
has  a  -NH-  bridge. 

The  compounds  so  far  discussed  contain  two  nitrogen  atoms.  Are  both 
necessary?  Test  compounds  with  only  one  amino  group  are  4-aminodiphenyl 
and  aniline.  Both  are  ineffective. 

In  the  effective  compounds,  the  two  nitrogens  are  somewhat  widely 
spaced.  Is  this  spacing  important?  Compound  875  differs  from  compound 
437  in  that  it  has  two  carbons  in  the  bridge  and  is  consistently  more 
effective.  This  suggests  that  distance  between  the  nitrogen  atoms  is 
important.  The  suggestion  is  confirmed  by  negative  results  with  closely 
spaced  nitrogen  atoms  on  phenylenediamine  and  on  2,4-diaminodiphenyl 


A  very  rough  study  suggests  that  the  distance  between  the  N  atoms, 
in  the  best  of  the  series  so  far  (compound  875),  is  about  10  A. 

Those  who  are  familiar  with  Arnolds’  base  know  that  it  oxidizes  fairly 
easily  to  the  quinone  form.  We  did  not  have  the  oxidized  form  for  study, 
but  the  matter  may  be  appraised  by  comparing  auramine  (No.  4)  with 
auramine  oxidized  (No.  525).  Both  are  active.  The  data  give  no  clear 
choice  between  them.  Few  data  are  available  yet  on  the  quinoid  triphenyl 
methane  dye  analogues  of  Arnolds’  base.  The  analogues  were  too  toxic 
at  the  concentrations  used.  Gentian  violet  (No.  11)  did  enhance  sporula¬ 
tion  at  the  very  weakest  dosage. 

In  these  compounds,  the  benzene  rings  are  free  to  swivel  about  the 
bridge.  Since  the  distance  between  the  amino  groups  is  probably  impor¬ 
tant,  rotation  might  be  important.  The  rotation  can  be  stopped  by  adding 
an  extra  bridge  between  the  two  benzene  nuclei.  We  have  been  able  to 


Effect  of  Tetramethyldiamino  Bis  Phenyl  Compounds  with  Various  Bridges 
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test  analogies  of  diphenylmethane  containing  a  secondary  bridge  of 
oxygen  or  ritrogen  (table  7).  No  second  carbon  bridge  compound  has 
been  obtained.  The  compounds  with  a  secondary  nitrogen  bridge  are 
acridine  yellow  (No.  526)  and  acridine  orange  (No.  528).  Neither  en¬ 
hances  sporulation.  Neutral  red  (No.  717)  contains  two  nitrogen  bridges, 
and  it  also  was  inactive. 

On  the  other  hand,  the  two  compounds  with  a  secondary  oxygen  bridge 
(acridine  red,  No.  669,  and  Rhodamine  B,  No.  2978)  both  greatly  enhanced 
sporulation.  They  appear  to  be  the  best  of  the  compounds  so  far  tested. 
Both  have  been  tested  briefly  on  other  imperfect  fungi.  Rhodamine  B  has 
been  found  to  enhance  conidial  formation  of  Aspergillus  niger  (in  two 
tests)  and  Graphium  ulmi.  Acridine  red  has  been  effective  for  Altemaria 
o/eracea. 

The  difference  between  nitrogen  and  oxygen  as  a  stabilizing  bridge  is 
not  understood.  One  bit  of  confirmatory  evidence  for  the  phenomenon 
occurs  with  No.  1264.  This  compound  seems  to  enhance  sporulation,  and 
it  has  a  nitrogen  and  a  sulfur  bridge.  Possibly  the  sulfur  bridge  performs 
like  the  oxygen  bridge.  It  seems  significant  that  a  compound  with  nitrogen 
and  sulfur  bridges  (No.  1264)  should  be  effective,  while  those  with 
nitrogen  and  carbon  bridges,  or  nitrogen  and  nitrogen  bridges,  are  not. 

Discussion 

The  few  fish  caught  in  these  early  castings  suggest  that  more  and 
bigger  ones  may  await  capture.  The  results  depicted  seem  to  suggest 
that  mitotic  poisons  are  active  to  reduce  sporulation.  They  suggest 
further  that  sporulation  data  might  serve  as  a  useful  guide  in  searching 
for  other  mitotic  inhibitors. 

The  results  on  stimulation  with  the  a,/3-unsaturated  ketones  are  about 
as  clear-cut  as  any  presented.  These  results  are  particularly  striking  in 
view  of  the  observation  that  ketones  in  general  reduce  sporulation  of 
Monitinia  (Horsfall  and  Rich,  1954). 

It  is  difficult  to  escape  the  explanation  that  the  yS-carbon  forms  an 
addition  compound  with  some  hypothetical  inhibitor.  This  would  surely 
repay  further  study. 

The  results  with  the  dimethylamino  compounds  seem  puzzling.  Tertiary 
amines  are  not  notoriously  reactive  compounds.  One  toys  with  the  hunch 
that  these  compounds  may  influence  somehow  the  coils  of  the  molecules 
of  desoxyribonucleic  acid,  perhaps  by  donating  electrons*  to  the  metals 
involved.  There  is,  of  course,  hardly  a  shred  of  evidence  for  this. 
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Reiner,  Leopold,  M.D.,  Cardiovascular  Diseases.  Acting  Pathologist,  Beth 
Israel  Hospital,  Boston,  Mass. 

Richards,  Wilson  P.,  M.D.,  Internal  Medicine.  Chief  Resident,  Medicine,  Wayne 
County  General  Hospital,  Eloise,  Mich. 

Roche,  Mairice  B.,  M.D.,  Orthopedic  Surgery.  Private  Practice,  St.  Louis,  Mo. 

Rosen,  George,  M.D.,  Public  Health.  Associate  Medical  Director,  Health  In¬ 
surance  Plan  of  Greater  New  York,  New  York,  N.Y. 

Sabat,  Jose  Mendin,  M.D.,  Medicine,  Biology.  Private  Practice,  Santurce,  Puerto 
Rico. 

Sheets,  Raymond  F.,  M.D.,  Physiology.  Associate  Professor,  Department, 
Internal  Medicine,  State  University  of  Iowa,  Iowa  City,  Iowa. 

Sherry,  Milton,  M.D.,  Hematology.  Physician  in  Chief,  Sinai  Hospital,  Baltimore, 
Md. 

Shulman,  Murray  William,  M.D.,  Pathology.  Pathologist,  Irvington  General  Hospi¬ 
tal,  Newark,  N.J. 

Siegel,  Elsie,  M.S. ,  Physiology.  Biologist,  Radioisotope  Laboratory,  Neoplastic 
Division,  Montefiore  Hospital,  New  York,  N.Y. 

Simmers,  Maxirice  H.,  D.O.,  Nuclear  Medicine,  Cancerology.  Coordinator,  Cancer 
Training,  Chairman,  Isotopes  Committee,  College  of  Osteopathic  Physicians 
and  Surgeons,  Los  Angeles,  Calif. 

Sinmons,  Dorothea  R.,  M.D.,  Psychiatry,  Psychology,  Anthropology.  Senior 
Psychiatrist,  Worcester  State  Hospital,  Worcester,  Mass. 

Slater,  Stanley,  M.D. ,  Biology.  Clinical  Instructor,  State  University  of  New  York, 
Brooklyn,  N.Y. 

Sloan,  Noah  H.,  M.D. ,  Internal  Medicine.  Private  Practice,  Chicago,  Ill. 

Suarez,  Ramon  M.,  D.Sc.,  Niitrition,  Hematology.  Director,  Clinical  Investigation 
Foundation,  Santurce,  Puerto  Rico. 

Tamarin,  Sidney  L.,  M.D.,  Pathology.  Private  Practice,  Brooklyn,  N.Y. 

Tauber,  Stanley  A.,  M.D.,  Clinical  Nutrition.  Chief,  Department,  NiArition, 
Kensington  Hospital,  Philadelphia,  Pa. 

Thienes,  Clinton  H. ,  M.D.,  Pharmacology.  Director,  Institute  of  Medical  Re¬ 
search,  Collis  P.  and  Howard  Huntington  Memorial  Hospital,  Pasadena,  Calif. 

Tirman,  Wallace  S.,  M.D. ,  Radiology.  Private  Practice,  South  Bend,  Ind. 

Titchener,  James  L.,  M.D. ,  Psychiatry.  Instructor,  University  of  Cincinnati, 
Cincinnati,  Ohio. 

Tobian,  Louis,  Jr.,  M.D.,  Hypertension.  Associate  Professor,  Department, 
Internal  Medicine,  University  of  Minnesota,  Minneapolis,  Miim. 

Todorovic,  D.  D.,  M.D.,  Nuclear  Medicine,  ftivate  Practice,  Dunsmuire,  Calif. 

Tonkin,  H.  L.,  M.D.,  Internal  Medicine.  Private  Practice,  Williamsport,  Pa. 

Tonning,  Henrik  O.  M. D. ,  Biology.  Private  Practice,  St.  John,  N.B. ,  Canada. 
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TMTes-Gomez,  Jose  Manuel,  M.D.,  Biology.  Internist,  V.A.  Hospital,  San  Jiua, 
Puerto  Rico. 

Truman,  G.  C.,  M.D.,  City  Health  Officer,  Mesa,  Ariz. 

Turkish,  Martin,  M.D.,  Biology.  Private  Practice,  Bayonne,  N.J. 

Tuchman,  Marvin  S.,  M.D. ,  Peripheral-Vascular  Diseases.  Private  Practict 
Wantagh,  N.Y. 

Turner,  Howard  G.,  Jr.,  M.D.,  Medicine.  Private  Practice,  Springfield,  Mass. 

Tweddell,  Henry  J.,  M.D.,  Pathology.  Woonsocket  Hospital,  Woonsocket,  R.l 

Tytell,  Alfred  A.,  Ph.D.,  Biology.  Research  Associate,  Sharp  &  Dohme  Inc., 
Research  Laboratories,  West  Point,  Pa. 

Wichtermann,  Frederic,  D.Sc.,  Biology.  Consultant,  Liebefeld,  Berne,  Switzer- 
lend. 

Zapata-Ortiz,  Vicente,  M.D.,  Pharmacology.  Professor,  Facultad  de  Medicina, 
Universidad  Nacional  Mayor  de  San  Marcos,  Lima,  Peru. 

STUDENT  MEMBERSHIP 

Bernstein,  Jerald  Jack,  B.A.,  Ichthology.  Graduate  School  of  Arts  and  Science, 
New  York  University  Student,  New  York,  N.Y. 

Eklelman,  Abraham,  M.A.,  Cell  Physiology.  Student,  New  York  University,  New 
York,  N.Y. 


Elected  July  15,  1955 
SUSTAINING  MEMBERSHIP 

Hardwick,  Robert  S.,  M.D.,  Surgery.  Private  Practice,  Longview,  Tex. 

Licata,  Francis,  M.D.,  Diseases  of  the  Chest.  Private  Practice,  Boston,  Mass. 

Minor,  Stephen  Robert,  M.D.,  Biology.  Private  Practice,  Worcester,  Mass. 

Muniz,  Antonio,  M.D.,  Internal  Medicine.  Private  Practice,  San  Sebastian.  Puerto 
Rico. 

Murray,  Norman  L.,  M.D.,  Medicine.  Consultant,  U.S.  Veterans  Hospital,  Lyons, 
N.J. 

Prevost,  Jules,  M.  D. ,  Internal  Medicine.  Professor,  Director,  Department, 
Medicine,  University  of  Montreal,  Montreal,  P.Q.,  Canada. 

Pennecott,  C.W.,  M.  D. ,  Biology.  Private  Practice,  London,  Ontario,  Canada. 

Reeves,  David  L. ,  M.D. ,  Central  Nervous  System.  Private  Practice,  Santa 
Barbara,  Calif. 

Rossien,  Ahbrohm  Xerxes,  M.D. ,  Biology,  Psychology.  Consultant  Physician, 
Queens  General  Hospital,  Queens,  N.Y. 

Tillman,  Alvin  J.  B. ,  M. D.,  Internal  Medicine.  Assistant  Clinical  Professor, 
Obstetrics,  Columbia  University,  New  York,  N.Y. 

ACTIVE  MEMBERSHIP 

Baz,  ^Gustavo,  M.D.,  Biology.  Director  General  de  la  Industria  Quimico  Farma- 
ceutica  Nal.,  Mexico  D.F.,  Mexico. 

Berger,  Erwin.^M.D.,  Poliomyelitis.  Chief,  Laboratory,  Bacteriology,  Childrens 
Hospital,  Bale,  Switzerland. 

Bialik,  John  V.,  B.S. ,  Statistics,  Psychology.  Colgate  Palmolive  Company, 
Jersey  City,  N.J. 

Biedler,  June  Lee,  M.  A. ,  Cell  Physiology.  Graduate  Student,  Sloan  Kettering 
Institute,  New  York,  N.Y. 

Clark,  James  T. ,  M.  D.,  Biology,  Mineralogy.  House  Physician,  Kerbs  Memorial 
Hospital,  St.  Albans,  Vt. 

Cotton,  Constance,  Anthropology.  New  York,  N.Y. 

Defend!,  Vittorio,  M.D.,  Pathology.  Research  Fellow,  Detroit  Institute  of  Cancer 
Research,  Detroit,  Mich. 

Dentay,  Erwin  G.,  Pharmaceutical  Chemistry.  President,  Fine  Chemicals  of 
Canada  Ltd.,  Toronto,  Ont.,  Canada. 
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Mn,  ;l  Devoe,  Arthur  Gerard,  M.D.,  Ophthalmology.  Professor,  Chairman,  Department, 

I  Ophthalmology,  New  York  University  Post  Graduate  Medical  School,  New  York, 
N.Y. 

Egdahl,  Richard  H.,  M.D.,  Tissue  Transplantation.  Assistant  Resident  Surgeon, 
University  Hospitals,  Minneapolis,  Minn. 

'  Engfeldt,  Bengt,  M.D.,  Pathology.  Associate  Professor,  Pathology,  Karolinska 
Institute!,  Stockholm,  Sweden. 

; ;  Frank,  Lawrence,  M.D.,  Dermatology.  Clinical  Associate  Professor,  Dermatology, 
'*■  I  Syphiolog^y,  New  York  State  University,  Brooklyn,  N.Y. 

Gatski,  Robert  L.,  M.D.,  Psychiatry.  Clinical  Director,  Danville  State  Hospital, 

I  Danville,  Pa. 

'  Giro,  Carlos  M.,  D.D.S.,  Dental  Surgery.  Private  Practice,  New  York,  N.Y. 
r  Gwdjian,  E.  S.,  M.D. ,  Neurosurgery.  Chief,  Wayne  University,  Detroit,  Mich. 
^  Haffke,  Oscar  W.,  M.D.,  Human  Behavior.  Internist,  Fort  Worth,  Tex. 

~  Hampton,  Stanley  F. ,  M.D.,  Allergy.  Assistant  Professor  Clinical  Medicine, 
Washington  University,  St.  Louis,  Mo. 

Harmar,  D.  MacDonald,  D.P.H.,  Public  Health,  Hygiene.  Private  Practice,  Swan 
River,  Manitoba,  Canada. 

Hertz,  Margaret  S. ,  M.A. ,  Human  Biology.  Lecturer,  Hunter  College,  New  York, 
N.Y. 

I  Higgs,  Paul  C.,  M.D.,  Psychiatry.  Private  Practice,  Harlingen,  Tex. 

-*  I  Hodgkins,  Edward  M.,  M.D.,  Surgery.  Private  Practice,  Boston,  Mass. 

'  Howard,  Rome  lee  A.,  M.D.,  Chemotherapeutics  for  Malaria.  Private  Practice, 
New  York,  N.Y. 

Hughes,  Warren  M.,  M.D.,  Cardiology.  Private  Practice,  Midvale,  Utah, 
f  Kalicki,  Henrietta,  M.S. ,  Zoology.  Instructor,  Department,  Biology,  Manhattan- 
j  ville  College  of  the  Sacred  Heart,  New  York,  N.Y, 

i.  Kass,  Irving,  M.D.,  Medical  Isotopes.  Internist,  Veterans  Administration  Center, 
r  Wadsworth,  Kan. 

Kaufman,  Myron,  D.D.S.,  Oral  and  Maxillofacial  Surgery.  Private  Practice, 
Detroit,  Mich. 

Kazmierski,  Robert  H. ,  M.D.,  Surgery.  Private  Practice,  Coudersport,  Pa. 
Kelly,  Herbert  T.,  M.D.,  Internal  Medicine.  Private  Practice,  Philadelphia,  Pa. 
King,  Donald  W.,  Jr.,  M.D.,  Medicine.  Assistant  Professor,  Pathology,  Yale 
to  University,  New  Haven,  Conn. 

'  King,  Herbert  S.,  M.D.,  Medicine.  Private  Practice,  Staten  Island,  N.Y. 

,  Kissin,  Milton,  M.D.,  Medicine,  Cardiology.  Attending  Physician,  Beth  Israel 
'  Hospital,  New  York,  N.Y. 

I  Klein,  Solomon  Alexander,  B.S.,  Dermatology.  Consultant  Dermatologist,  All 
’  Souls  Hospital,  Morristown,  N.J. 

Kleinschmidt,  E.  E.,  M.  D. ,  Public  Health.  Private  Practice,  Saginaw,  Mich. 

*'  L  Klussendorf,  Raymond  Clarence,  D.V.  M.,  Veterinary  Medicine.  Director,  Veter- 
'  inary  Medical  Services,  Commercial  Solvents  Corporation,  Terre  Haute,  Ind. 

j  Koch,  Vincent  W.,  F.A.C.P.,  Medicine.  Private  Practice,  Janesville,  Wis. 

>•  Kornafel,  L.  H.,  M.D.,  Biology.  Instructor,  Endocrinology,  Nurses  Methodist 
Hospital,  Indianapolis,  Ind. 

Kos,  C.  M. ,  M.D.,  Otology.  Professor,  Department  Otolaryngology,  University 
Hospitals,  Iowa  City,  Iowa. 

t  Kosak,  Alvin  I.,  Ph.D.,  Organic  Chemistry.  Assistant  Professor,  Industrial 
^  Medicine,  New  York  University  Postgraduate  Medical  School,  New  York,  N.Y. 
Koven,  Arthur  J.,  M.D.,  Internal  Medicine,  Private  Practice,  Maywood,  Ill. 
Lamson,  Baldwin  G.,  M.D.,  Pathology.  Assistant  Professor,  University  of 
I  California,  Los  Angeles,  Calif. 

Lavietes,  Paul  H. ,  M.D.,  Internal  Medicine.  Associate  Professor,  Yale  Uni- 
'  versity.  New  Haven,  Conn. 

Le  Blond,  Sylvio,  M.D. ,  History  of  Medicine.  Chief  of  Service,  Medicine,  Hotel- 
Dieu  St.-Vallier,  Chicoutimi,  P.Q.,  Canada. 

Lewis,  Richard  D.,  M.D.,  Pathology.  Assistant  Pathologist,  Huntington  Memorial 
Hospital,  Pasadena,  Calif. 

Lewison,  Edward  F.,  M.D.,  Surgery.  Assistant  Professor,  Johns  Hopkins  Uni¬ 
versity,  Baltimore,  Md. 

'  Lopez-Toca,  Ruben,  M.D.,  Medicine.  Instructor,  Research  Associate,  Havana 
University  Medical  School,  Havana,  Cii>a. 

McAllister,  Cloyd  N.,  M.D.,  Public  Health,  Medicine.  Private  Practice,  Anaheim, 
Calif. 

McDonough,  John  Joseph,  M.D.,  Obstetrics,  Gynecology.  Private  Practice, 
Youngstown,  Ohio. 
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MacLean,  Lloyd  D.,  M.D.,  Surgery.  Research  Assistant,  University  Hospitali, 
Minneapolis,  Minn.  I 

MacLeod,  Paul  F.,  M.D.,  Pharmaceutical  Chemistry.  Medical  Director,  Eatoo  | 
Laboratwies,  Norwich,  N.Y.  r 

McNeal,  Alice,  M.D.,  Anesthesiology.  Director,  Anesthesia,  Medical  College  of 
Alabama,  Birmingham,  Ala. 

McNutt,  Frank  H.,  M.D.,  Medicine.  Private  Practice,  Kittanning,  Pa.  ' 

Madden,  William  Joseph,  M.D.,  Medicine.  Private  Practice,  Goodland,  Kan. 
Maibach,  Edward,  M.D.,  Medicine.  First  Assistant,  Pathologic  Institute,  Berne, 
Switzerland. 

Marmorston,  Jessie,  M.D.,  Medicine.  Institute  for  Medical  Research,  Cedars  of 
Lebanon  Hospital,  Los  Angeles,  Calif. 

Maroney,  A.,  M.D.,  Medicine.  Surgeon,  Worcester  City  Hospital,  Worcester,  Mass. 
Mason,  Edward  E. ,  M.D.,  Biology.  Assistant  Professor,  Surgery,  Medical  School,  i 
State  University  of  Iowa,  Iowa  City,  Iowa.  ' 

Mead,  Sedgwick,  M.D.,  Neuromuscular  Disease.  Medical  Director,  Califomis 
Rehabilitation  Center,  Vallejo,  Calif. 

Meigs,  Joe  V.,  M.D.,  Gynecology.  Consulting  Surgeon,  Massachusetts  General 
Hospital;  Consulting  Gynecologist,  Vincent  Memorial  Hospital,  Boston,  Mass. 
Merritt,  A.  Donald,  M.D.,  Internal  Medicine.  Fellowship,  Department,  Medicine, 
Duke  University,  Durham,  N.C. 

Miner,  M.  K.,  M.D.,  Medicine.  Private  Practice,  Carlsbad,  N.M. 

Moore,  William  Emmett,  B.S.,  Chemistry,  Biology.  Special  Products  Chemist,  | 
Thorne-Adair  Co.,  Inc.,  Kirks ville.  Mo.  P 

Moskovitz,  Herbert  Alan,  M.D.,  Metabolic  Disease.  Assistant  Resident,  Internal! 

Medicine,  Grady  Memorial  Hospital,  Atlanta,  Ga.  I 

Murphy,  Thomas  Ogden,  M.D.,  Cardio-Vascular  Surgery.  Fellow,  Surgery,  Uni- f 
versity  of  Minnesota,  Minneapolis,  Minn.  L 

Nichols,  George,  Jr.,  Physiology  of  Water.  Associate,  Department,  Medicine,  I 
Harvard  Medical  School,  Boston,  Mass.  F 

Nicholson,  Ellen  Mary,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y.  F 
Odel,  Howard  M.,  M.D.,  Internal  Medicine.  Consultant,  Medicine,  Mayo  Clinic, 
Rochester,  Minn.  L 

Ostroger,  Joseph  George,  M.D. ,  Medicine,  Surgery.  Private  Practice,  Medford,  I 
Mass.  I 

Owens,  Louis  Bonner,  M.D.,  Biology,  Medicine.  Assistant  Professor,  Medicine,  P 
University  of  Cincinnati,  Cincinnati,  Ohio. 

Parsonnet,  Eugene  V.,  M.D.,  Surgery.  Private  Practice,  Newark,  N.J. 

Parsons,  D.  Joseph,  M.D.,  Allergy,  Mycology.  Allergist,  Springfield,  Ohio. 

Patzer,  Reynold,  M.D.,  Clinical  Cancer  Research.  Private  Practice,  Oklahoma 
City,  Okla.  I 

Paul,  William  Darwin,  M.D.,  Biochemistry.  F*rofessor,  Internal  Medicine,  Uni-  P 

versity  Hospital,  Iowa  City,  Iowa. 

Paulissen,  Leo  J.,  Ph.D.,  Medical  Microbiology.  Research  Associate,  Washing¬ 
ton  University,  School  of  Dentistry,  St.  Louis,  Mo.  I 

Payton,  Walter  H. ,  Jr.,  M.D.,  Medicine.  Private  Practice,  Washington,  D.C 
Peisachowitz,  Leon,  M.D. ,  Biology,  Psychology,  Anthropology.  Private  Practice, 
New  York,  N.Y. 

Pena,  Jose  A.,  M.D.,  Biology.  Private  Practice,  Cayey,  Puerto  Rico. 

Peretz,  A.  W.,  M.D.,  Medicine.  Hollyburn  Medical  Center,  West  Vancouver,  B.C., 
Canada. 

Perkins,  Roy  F.,  M.  D.,  Internal  Medicine.  Alhambra  Clinic,  Alhambra,  Calif. 
Phillips,  Otto  C.,  M.D.,  Anesthesiology.  Director,  Department,  Anesthesiology, 
Hospital  for  the  Women  of  Maryland,  Baltimore,  Md. 

Pina,  Florentine  Perez,  M.D. ,  Internal  Medicine.  Private  Practice,  Waltham, 
Mass. 

Pinch,  Charles,  M.  D.,  Internal  Medicine.  Senior  Physician,  Guelph  Medical 
Group,  Guelph,  Ont.,  Canada. 

Pitock,  Morris  Philip,  M.D.,  Medicine.  Senicn'  Attending  Obstetrician,  Bridgeport  I 
Hospital,  Bridgeport,  Conn.  r 

Pittillo,  Robert  F.,  Ph.D.,  Antibiotics.  Associate  Research  Microbiologist,  Parke-  I 
Davis  and  Co. ,  Detroit,  Mich.  F 

Polanco,  Jose  E.,  M.D.,  Biology.  Private  Practice,  Caguas,  Puerto  Rico.  ■ 

Pollock,  George  H. ,  M.D.,  Psychiatry.  University  of  Illinois,  Chicago,  IE  ^ 
Powers,  Harry  J.,  M.D.,  Biology.  Private  Practice,  Forest  Hills,  N.Y. 

Prasad,  Ananda  Shiva,  M.B.B.S.,  Internal  Medicine.  Research  Fellow,  Internal 
Medicine,  University  Hospital,  Minneapolis,  Minn.  l 
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Prewitt,  L.  H.,  M.D.,  Ophthalmology.  Private  Practice,  Ottumwa,  Iowa. 

Price,  Mary  A.  Moss,  M.D.,  Medicine.  Private  Practice,  Armour,  S.D. 

Price,  T.  Duane,  Ph.D.,  Biochemistry.  Assistant  Professor,  Biochemistry, 
Columbia  University,  New  York,  N.Y. 

Pritikin,  Roland  I.,  M.D.,  Ophthalmology.  Consultant  Eye  Surgeon,  Rockford,  Ill. 

Purvis,  Robert  W. ,  M.D.,  Pathology.  Pathologist,  Memorial  Hospital,  Modesto, 
Calif. 

Reinarz,  B.  H.,  M.D.,  Medicine,  New  York  University  Bellevue  Medical  Center, 
New  York,  N.Y. 

Rian,  I.  S.,  M.D.,  Mental  Hygiene.  Superintendent,  Mt.  Vernon  State  Hospital, 
Mt.  Vernon,  Ohio. 

Richards,  Victor,  M.D.,  Surgery.  Professor,  Surgery,  Stanford  University  Hospital, 
San  Francisco,  Calif. 

Rioux,  Armand,  M.D.,  Biology.  Private  Practice,  Quebec  City,  P.Q.,  Canada. 

Risser,  Joseph  C.,  M.D.,  Orthopedics.  Associate  Professor,  Orthopedics,  Uni¬ 
versity  of  Southern  California,  Los  Angeles,  Calif. 

Roberts,  Milton,  M.D.,  Endocrinology.  Clinical  Assistant  Physician,  Fordham 
Hospital,  New  York,  N.Y. 

Robillard,  Eugene,  M.D.,  Gerontology.  Professor,  Physiology,  University  of 
Montreal,  Montreal,  P.Q.,  Canada. 

Rogers,  Lewis  L.,  Ill,  M.D. ,  Orthopedics.  Private  Practice,  Wilkes-Barre,  Pa. 

Roman-Gomez,  Ruben  D. ,  M.D. ,  Medicine,  Surgery.  Resident,  Surgery,  Rio 
Piedras  Municipal  Hospital,  Rio  Piedras,  Puerto  Rico. 

Roseman,  David  M.,  M.D.,  Medicine.  Assistant  Resident,  Medicine,  New  York 
Hospital  Cornell  Medical  Center,  New  York,  N.Y. 

Rosen,  Samuel  M.,  B.A.,  Biology.  Student,  Columbia  University,  New  York,  N.Y. 

Rosenbaum,  Herbert,  M.D.,  Internal  Medicine.  Private  Practice,  Detroit,  Mich. 

Rosenberg,  Gilbert,  M.D.,  Thyroid  aspects  of  Gerontology.  Assistant  Director, 
Seimeville  Geriatric  Project,  Senneville  Lodge,  Senneville,  P.Q.,  Canada. 

Rosner,  Henry,  M.D.,  Rehabilitation.  Brooklyn,  N.Y. 

Ross,  Benjamin,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 

Rost,  William  B.,  M.D.,  Medicine.  Private  Practice,  St.  Joseph,  Mo. 

Rothschild,  Karl,  M.D. ,  Neuro-Psychiatry.  Private  Practice,  New  Brunswick,  N.J. 

Rowson,  Walter,  Jr.,  M.D.,  Medicine.  Private  Practice,  North  Grosvenordale, 
Conn. 

Rubenstein,  Leo,  M.D.,  Internal  Medicine.  Visiting  Physician,  Lincoln  Hospital, 
New  York,  N.Y. 

Rubin,  Myron  Michael,  M.D.,  Medicine.  Private  Practice,  Lancaster,  Pa. 

Rubin,  Simon  S. ,  M.D.,  Allergy.  Private  Practice,  Gary,  Ind. 

Rubins,  Alfreds  Andreas,  M.D.,  Psychiatry.  Resident  Psychiatrist,  Willowbrook 
State  School,  Staten  Island,  N.Y. 

Rue,  Homer  A.,  M.D.,  Orthopedics.  Private  Practice,  Stirling  City,  Calif. 

Rumsey,  William  L.,  M.D.,  Medicine,  Biology.  Private  Practice,  Elizabeth,  N.J. 

Ruskin,  Arthur,  M.D.,  Cardiovascular  Diseases.  Associate  Professor,  Internal 
Medicine,  University  of  Texas  Medical  Branch,  Galveston,  Tex. 

Russo,  Alvin  L.,  M.D.,  Gynecology,  Obstetrics.  New  York  State  Health  Depart¬ 
ment,  Buffalo,  N.Y. 

Salomon,  Paul,  M.D.,  Internal  Medicine.  Resident  Physician,  Camden  County 
Mental  Hospital,  Lakeland,  N.J. 

Schenker,  Norman  P.,  M.D.,  Medicine,  Biology.  Medical  Research,  Producer  of 
Scientific  Films,  Physician,  Potomac  Film  Producers  Inc.,  Washington,  D.C. 

Seidenberg,  Henry,  M.D.,  Medicine,  Psychiatry.  Private  Practice,  Chicago,  Ill. 

Shore,  Maurice  J.,  Ph.D.,  Psychological  Science.  Practicing  Psychotherapist, 
New  York,  N.Y. 

Siegel,  Leo  H.,  M.D.,  Internal  Medicine.  Attending  Gastroenterologist,  Presby¬ 
terian  Hospital,  Newark,  N.J. 

Soskind,  Leo,  M.S.,  Endocrine  Physiology.  Clinical  Chemist,  Brooklyn,  N.Y. 

Simon,  Max  Michael,  M.D.,  Surgery.  Senior  Attending  Surgeon,  St.  Francis  Hospi¬ 
tal,  Poughkeepsie,  N.Y. 

Talbott,  George  Douglas,  M.D.,  Clinical  Research.  Chief  Medicine,  Wright- 
Patterson  A.F.B. ,  Dayton,  Ohio. 

Troup,  Harold  E. ,  M.D.,  Industrial  Medicine.  Physician  Medical  Examiner, 
Norfolk  and  Western  Railway,  Bluefield,  W.  Va. 

Tsaltas,  Theodore  T. ,  M.D. ,  Biochemistry.  Assistant,  Rockefeller  Institute, 
New  York,  N.Y. 

Tuiesky,  Samuel,  D.M.D.,  Histochemistry.  Research  Associate,  Instructor,  Tufts 
University  Dental  School,  Boston,  Mass. 
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Vaille,  Charles,  Dr.  Pharm. ,  Biology,  Psychology.  Inspector  General,  Chief, 
Central  Pharmacy  Bureau,  Ministry  of  Public  Sanitation,  Paris,  France. 
Walaszek,  Edward  J.,  Ph.D.,  Pharmacology.  U.S.  Public  Health  Fellow,  National 
Cancer  Institute,  University  of  Chicago,  Chicago,  Ill. 

Walton,  Howard,  Jr.,  Ph.D.,  Biophysics.  Radiation-Biologist,  Argonne  National 
Laboratory,  Lemont,  Ill. 

Weil,  William  Bachrach,  Jr.,  M.D.,  Fluid  Metabolism.  Research  Physician, 
Medical  Laboratories,  Army  Chemical  Center,  Md. 

Wolfe,  W.  Brewster,  M.D.,  Medicine.  Private  Practice,  Garrison,  N.Y. 
Zimmermann,  Bernard,  M.D.,  Endocrinology.  Assistant  Professor,  Department, 
Surgery,  University  of  Minneapolis,  Minneapolis,  Minn. 


STUDENT  MEMBERSHIP 

Emerson,  John  A.,  General  Medicine.  B.A.,  Student,  New  York  Medical  College 
New  York,  N.Y. 


Elected  Aq^ust  15,  1955 
LIFE  MEMBERSHIP 

Karell,  Ulrich  A.,  M.D.,  Biology,  Pathology.  Municipal  Physician  III,  Christian- 
sted,  St.  Croix,  Virgin  Islands. 


SUSTAINING  MEMBERSHIP 

Godlowski,  Zygmunt  Zbigniew,  M.D. ,  Metabolism,  Endocrinology.  Associate, 
Internal  Medicine,  Northwestern  University,  Chicago,  Ill. 

Laino,  F.  A.,  M.D.,  Medicine.  Private  Practice,  Long  Island  City,  N.Y. 

Levine,  Benjamin,  M.D.,  Medicine,  Dermatology.  Chief,  Department,  Dermatology, 
Mt.  Sinai  Hospital,  Cleveland,  Ohio. 

Lipman,  Bernard  S.,  M.D.,  Internal  Medicine,  Cardiology.  Instructor,  Medicine, 
Emory  University,  Atlanta,  Ga. 

ACTIVE  MEMBERSHIP 

Bein,  Karolina,  M.D.,  Psychiatry.  Resident,  Bellevue  Medical  Center,  New  York, 
N.Y. 

Bloch,  Eiric,  Ph.D.,  Steroid  Biochemistry.  Staff  Member,  Worcester  Foundation 
for  Experimental  Biology,  Shrewsbury,  Mass. 

Brodie,  Donald  C. ,  Ph.D.,  Pharmacology.  Professor,  Pharmacology,  University 
of  California  Medical  Center,  San  Francisco,  Calif. 

Cheymol,  Jean,  Pharmacology.  Pharmacien  Chef  de  I’Hopital  Tenon,  Paris, 
France. 

Clynes,  Manfred  E.,  M.S.,  Engineering.  Chief  Mathematician,  Bogue  Electrical 
Manufacturing,  Paterson,  N.J. 

Clynes,  Marcel  W. ,  Dr.  Ing.,  Electronics.  Consultant,  Bogue  Electrical  Manu¬ 
facturing  Co.,  Paterson,  N.J. 

Colombo,  N.  John,  M.D.,  Allergy.  Private  Practice,  Hudson,  Mass. 

Daly,  John  F.,  M.D.,  Biology.  Professor,  Chairman,  Department,  Otolaryngology, 
New  York  University,  New  York,  N.Y. 

Frost,  John  W.,  M.D.,  Medicine,  Hematology.  Associate  in  Medicine,  University 
of  Pennsylvania,  Philadelphia,  Pa. 

Galinsky,  Irving,  Ph.D.,  Biology.  Research  Associate,  Biochemical  Research 
Foundation,  Newark,  Del. 

Gallego,  Antonio,  M.D.,  Physiology.  Professor,  Medical  School,  Spanish  Uni¬ 
versity,  Madrid,  Spain. 

Giudicelli,  Rene  P.,  M.D.,  Biology.  Director,  Laboratoires  Dausse,  and  Research 
Service,  Paris,  France. 

Heinbach,  Anne  Booth,  M.D.,  Neuropathology.  Chief,  Department,  Pathology, 
Embreeville  State  Hospital,  Embreeville,  Pa. 
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^  ■  Heinbach,  Wilfred  F.,  M.D.,  Neuropathology.  Chief,  Laboratory  Services,  Veterans 
Administration  Hospital,  Coatesville,  Pa. 

Hencch,  Ruth  L.,  B.S.,  Bacteriology.  Bacteriologist,  Baxter  Laboratories  Inc., 
Horton  Grove,  Ill. 

inal  Halt,  Paul  J.,  Ph.D.,  Brain  Physiology.  Instructor,  Northwestern  University 
Medical  School,  Chicago,  Ill. 

an,  Kelling,  Douglas  G.,  M.D.,  Psychiatry.  Associate  Member,  Kelling  Clinic  and 
Hospital,  Waverly,  Mo. 

-  Kelling,  Jordan  A.,  M.D.,  Psychiatry.  Associate  Member,  Kelling  Clinic  and 
!nt,  Hospital,  Waverly,  Mo. 

Kempinsky,  Warren  H.,  M.D.,  Neurology.  Assistant  Professor,  Neurology, 

Washington  University,  St.  Louis,  Mo. 

Kennedy,  Ralph  C.,  M.D. ,  Medicine,  Neurology.  Assistant  Chief,  Section 
Neurology,  Veterans  Administration  Hospital,  Bronx,  N.Y. 
gg  '  Kern,  Maximilian,  M.D.,  Biology.  Private  Practice,  Chicago,  Ill. 

-  Kerschbaumer,  Luisa,  M.D.,  Biology,  Mental  Health.  Physician,  Psychiatrist, 

Woodside  Receiving  Hospital,  Youngstown,  Ohio. 

Kessler,  Alfred  R.,  M.D.,  Neurosixgery.  Private  Practice,  Spokane,  Wash. 

Kety,  J.  H.,  M.D.,  Biology,  Mycology.  Chief,  Internal  Medicine,  Covington 
Diagnostic  Clinic,  Covington,  La. 

Kite,  John  Edgar,  Jr.,  M.D.,  Medicine.  Private  Practice,  Bulls  Gap,  Term. 

IKlotz,  Solomon  D.,  M.D.,  Clinical  Research.  Specialist,  Internal  Medicine, 
Orlando,  Fla. 

Koenig,  Peter  William,  M.D.,  Obstetrics,  Gynecology.  Private  Practice,  Charles- 
a  ton,  Tenn. 

■  Kravetz,  Helen,  B.A.,  Immunology.  Assistant  Bacteriologist,  New  York  City 
[  Department  of  Health,  New  York,  N.Y. 

£  Krinsky,  Charles  M.,  M.D.,  Neuropsychiatry.  Clinical  Director,  Cove  Hill  Manor, 

I  Uncasville,  Conn. 

~  Lamb,  Arthur  E.,  M.D.,  Research  Cardiovascular  Disease.  Attending  Physician, 

I  Brooklyn  Hospital,  Brooklyn,  N.Y. 

j  Lambros,  Vasilios  S. ,  M.D.,  Neurology.  Private  Practice,  Washington,  D.C. 

I  Lancaster,  William  J.,  M.D.,  Medicine.  Private  Practice,  Tampa,  Fla. 

Landowne,  Milton,  M.D.,  Gerontology.  Associate  Chief,  National  Heart  Institute, 
Baltimore,  Md. 

Langis,  E.,  M.D.,  Biology.  Private  Practice,  Matane,  P.Q.,  Canada. 

Lawrason,  F.  Douglas,  M.D.,  Medicine.  Provost,  Medical  Affairs,  University  of 
Arkansas,  Little  Rock,  Ark. 

Lealtad,  Catharine  D.,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 

Lederer,  Rudolph  G.,  M.D.,  Medicine.  Private  Practice,  Lake  George,  N.Y. 

)g  Lee,  Allan  E. ,  M.D. ,  Cardiovascular  Diseases.  Private  Practice,  Washington, 
D.C. 

[y  Levine,  Herbert,  M.D.,  Physiology.  Private  Practice,  Middletown,  Conn. 

Levine,  Julius,  M.D.,  Medicine.  Assistant  Attending  Physician,Coney  Island 
Hospital,  Brooklyn,  N.Y. 

Lillian,  Marvin,  M.D.,  Medicine.  Private  Practice,  New  Haven,  Conn. 

,1  I  Lucas,  John,  Ph.D.,  Biochemistry.  Assistant  Professor,  Chemistry,  University 
■  of  Detroit,  Detroit,  Mich. 

■  McCullough,  Campbell  C.,  M.D.,  Orthopedics.  Private  Practice,  Kansas  City,  Mo. 

I  Macedonia,  D.  A.,  M.D.,  Medicine.  Eye,  Ear,  Nose  and  Throat  Specialist, 
Steii>enville,  Ohio. 

r,  j  Mahoney,  J.  D.,  M.D.,  Psychiatry,  Neurology.  Staff,  Council  Bluffs  Clinic,' 

I  Council  Bluffs,  Iowa. 

J  j  Mattikow,  Bernard,  M.D.,  Medicine,  Arthritis.  Attending  Physician,  Cumberland 
I  Hospital,  Brooklyn,  N.Y. 

h  .  Maxwell,  Ned  G. ,  M.D.,  Blood  Banking,  Tissue  Banking.  Associate  Medical 
I  Director,  Milwaukee  Blood  Center  Inc.,  Milwaukee,  Wis. 

.  Mease,  John  Andrew,  Jr.,  M.D.,  Arthritis.  President,  Board  of  Trustees,  Mease 
j  Hospital,  Dunedin,  Fla. 

1  I  Meenan,  Patrick  N.,  M.D. ,  Virology.  Lecturer  in  Bacteriolog^y,  University 
j  College,  Dublin,  Ireland.  ^ 

,  ^  Neidich,  Sol,  M.D.,  Pediatrics.  Private  Practice,  Beaufort,  S.C. 
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Pekelis,  Emanuel,  M.D.,  Pathology.  Pathologist,  Camarillo  State  Hospitil, 
Camarillo,  Calif. 

Pende,  Giovanni,  Internal  Medicine.  Associate  Professor,  Medical  Clinic,  Uni¬ 
versity  of  Genoa,  Genoa,  Italy. 

Perez,  Arturo  Roque,  M.S.,  Plant  Genetics.  Director,  Agricultural  Experineni 
Station,  University  of  Puerto  Rico,  Rio  Piedras,  Puerto  Rico. 

Pickering,  Donald  E.,  M.D.,  Endocrinology.  Assistant  Professor,  Department, 
Pediatrics,  University  of  California  Medical  Center,  San  Francisco,  Celii 

Pileggi,  Vincent  J.,  Ph.D.,  Vitamin  D  Mechanism,  Enzymology.  Chief,  Bio¬ 
chemistry  Section,  Clinical  Pathology  Laboratory,  Letterman  Army  Hospitil, 
San  Francisco,  Calif. 

Prendergast,  John  J.,  M.D.,  Albumins.  Retired  Medical  Director,  Chrysler  Corp, 
Sarasota,  Fla. 

Prieto,  Ignacio  Morones,  M.D.,  Biology.  Minister,  Public  Health  and  Welfan, 
Mexico,  D.F.,  Mexico. 

Proctor,  Lawrence  A.,  M.D. ,  Cardiology.  Internist,  Parsons,  Kans. 

Rosenthal,  Maurice,  M.D.,  Pathology.  Pathologist,  Marieopa  County  Hospitil, 
Phoenix,  Ariz. 

Royer,  J.  Albert,  M.D.,  Pediatrics.  Associate  F*rofessor,  Pediatrics,  Universitji 
of  Montreal,  Montreal,  P.Q.,  Canada. 

Sacks,  David  R.,  M.D.,  Internal  Medicine.  Private  Practice,  San  Antonio,  Tex. 

Schaus,  Raymond,  M.D. ,  Clinical  Medicine.  Assistant  Resident  Physiciu, 
Barnes  Hospital,  St.  Louis,  Mo. 

Shea,  Andrew  W.,  M.D. ,  Internal  Medicine.  Assistant  Professor,  University  of 
Minnesota,  Minneapolis,  Miiui. 

Simon,  Thomas  R.,  M.D.,  Pathology,  Cytology.  Assistant  Attending  Pathologist, 
Memorial  Center,  New  York,  N.Y. 

Spear,  Frances,  M.S.,  Serology.  Lt.  Comm.  Naval  Medical  School,  National  Navil 
Medical  Center,  Bethesda,  Md. 

Stroud,  F.  Agnes  N. ,  B.S. ,  Biology.  Assistant  Biologist,  Argonne  Nationil 
Laboratory,  Lemont,  Ill. 

Thorek,  Philip,  M.D.,  Surgery.  Asst.  Professor,  Anatomy,  University  of  Illinois, 
Chicago,  Ill. 

Trindade,  Gerardo,  M.D.,  Microbiology.  Professor,  Pharmacy  School,  Ouro  Preto 
University,  Minas  Gerais,  Brazil. 

Vavra,  John  D.,  M.D.,  Medicine.  Assistant  Resident,  Barnes  Hospital,  St.  Louis, 
Mo. 

Vlavianos,  George  John,  M.D.,  Medical  Research.  Resident  Psychiatrist,  King’s 
Park  State  Hospital,  Kings  Park,  N.Y. 

Winston,  Albert  Edmund,  M.D.,  Surgery,  Cancer.  Senior  Surgical  Staffs,  Ohio 
Valley  Hospital,  Steubenville,  (%io. 

Zaromb,  Sol,  Ph.D.,  Chemistry.  Research  Associate,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 

STUDENT  MEMBERSHIP 

Aviv,  David  Gordon,  M.Sc.,  Medical  Electronics.  Student,  Columbia  University, 
New  York,  N.Y. 

Rinehart,  Roy  Koechlein,  B.S.,  Biology.  Student,  Rutgers  University,  Newark, 
N.J. 

Elected  September  15,  1955 


SUSTAINING  MEMBERSHIP 

Miller,  Max,  M.D.,  Cardiovascular  Disease.  Attending  Physician,  Beth  David 
Hospital,  New  York,  N.Y. 

Sieling,  Walter  Henry,  Jr.,  M.D.,  Cardiology.  Private  Practice,  Stony  Brook,  N.Y- 
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ACTIVE  MEMBERSHIP 


^  Aboulafia,  Elie  D.,  M.D.,  Medicine.  Surgical  Resident,  Fourth  Surgical  Division, 
Bellevue  Medical  Center,  New  York,  N.Y. 

Arnett,  T.  M.,  M.D.,  Psychology.  Area  Medical  Director,  Veterans  Administra- 
^  tion,  Trenton,  N.J. 

Arnold,  Arthur  L.,  M.D.,  Neurophysiology.  Senior  Physician,  Research  Service, 

.  I  Worcester  State  Hospital,  Worcester,  Mass. 

'  Ashur,  Milton  E.,  D.S.C.,  Chiropodial  Medicine.  President,  New  Jersey  Chiropo- 
dists  Society,  Jersey  City,  N.J, 

t  Aviado,  Domingo  M. ,  Jr.,  M.D.,  Pharmacology.  Assistant  Professor,  Pharmacolo- 

i'  ”  gy.  University  of  Pennsylvania,  Philadelphia,  Pa. 

Biker,  Edward,  D.V.M.,  Veterinary  Medicine.  Private  Practice,  Ettglewood,  N.J. 
i  Bell,  Warren  N.,  D.Sc.,  Hematology.  Director  of  Laboratories,  University  of 
!  Mississippi,  Jackson,  Miss. 

1  I  Butler,  Stanley,  M.D.,  Medicine.  Resident  Surgeon,  Brooklyn  Veterans’  Ad- 
I  ministration  Hospital,  Brooklyn,  N.Y. 

^  I  Cataldo,  Robert  J.,  M.D.,  Internal  Medicine.  Private  Practice,  Waltham,  Mass. 
^  [  Chachutov,  Shalva  D.,  M.D.,  Medicine.  Admitting  Physician,  Sydenham  Hospital, 
I  New  York,  N.Y. 

,  Coombs,  R.  R.  A.,  Ph.D.,  Immunology.  Assistant  Director,  Research,  Department, 

''  I  Pathology,  University  of  Cambridge,  Cambridge,  England. 

.  j  Costello,  Christopher  H.,  Ph.D.,  Pharmaceuticals.  Scientific  Director,  Columbus 
I  Pharmacal  Company,  Columbus,  Ohio. 

[  Dineen,  P.  A.  Peter,  M.D.,  Surgical  Bacteriology.  Fellow  in  Surgery,  Cornell 
’  j  University  Medical  College,  New  York,  N.Y. 

.  j  Eichenwald,  Heinz  F.,  M.D.,  Pediatrics.  Instructor,  Pediatrics,  New  York 
Hospital,  New  York,  N.Y. 

,  i  Fisher,  Edwin  L.,  M.S.,  Synoptic  Meteorology.  Research  Associate,  New  York 
E  University,  New  York,  N.Y. 

-  Geary,  John  R.,  Jr.,  M.D.,  Pathology.  Assistant  Professor,  University  of  Cal- 
'  r  ifornia,  Los  Angeles,  Calif. 

Goldfarb,  Martin  L.,  M.D.,  Internal  Medicine.  Clinical  Assistant,  Flower  and 
Fifth  Avenue  Hospitals,  New  York,  N.Y. 

,  Gordon,  Lee  E.,  Ph.D.,  Medical  Microbiology.  Senior  Microbiologist,  Ethicon 
I  Inc.,  New  Brunswick,  N.J. 

r  Harrisson,  Joseph  W.  E.,  Ph.D.,  Pharmacology.  Director,  La  Wall  and  Harrisson 
[  Research  Laboratories,  Philadelphia,  Pa. 

^  t  Heden,  Carl  Govan,  M.D.,  Bacteriology.  Associate  Professor,  Karolinska  In- 
I  stitutet,  Stockholm,  Sweden. 

I  Johnson,  Simon  Overton,  M.D.,  Psychiatry.  Superintendent,  Lakin  State  Hospital, 
Lakin,  West  Va. 

I  Keith,  Rachel  Boone,  M.D. ,  Internal  Medicine.  Private  Practice,  Detroit,  Mich, 
j  Kelley,  Robert  T.,  M.D.,  Cardiovascular.  Chief,  Cardiovascular  Diagnostic 

Laboratory,  Georgetown  University,  Washington,  D.C. 

I-  Kellsey,  David  C.,  Biology.  Assistant  Chief  of  Orthopedic  Service,  3650th  USAF 
Hospital,  Sampson  Air  Force  Base,  Geneva,  N.Y. 

Kelsey,  Mavis  P.,  M.D.,  Internal  Medicine.  Clinical  Professor,  University  of 
I  Texas,  Houston,  Tex. 

Kltay,  Julian  I.,  M.D.,  Medicine.  Assistant  Resident,  Beth  Israel  Hospital, 
Boston,  Mass. 

Kofman,  Sidney,  M.D.,  Endocrinology.  Research  Fellow,  University  of  Illinois, 
Chicago,  Ill. 

Lambron,  Theodore  Gregory,  M.D.,  Medicine.  Private  Practice,  La  Mesa,  Calif. 


j  Lange,  Richard  H.,  M.D. ,  Internal  Medicine.  Private  Practice,  Schenectady,  N.Y. 
I  Lauzon,  Roland,  M.D. ,  Biology.  Private  Practice,  Penetang,  Ont,  Canada. 


I'  LeBrle,  Stephen  J.,  B.S.,  Endocrinology.  Research  Assistant,  Princeton  Uni¬ 
versity,  Princeton,  N.J. 

r  Levbarg,  Morrison  S.,  M.D.,  Medicine.  Associate  Pediatrician,  New  York  Medical 
^  College,  New  York,  N.Y.  > 

'  Uebowitz,  Daniel,  M.D.,  Internal  Medicine.  Clinical  Instructor  in  Medicine, 
University  Hospital,  San  Francisco,  Calif. 
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Lierle,  Dean  M.,  M.D. ,  Otolaryngology.  Professor,  Head,  Department,  Otolar;:. 
gology.  University  Hospitals,  Iowa  City,  Iowa. 

Magner,  John  P. ,  M.D.,  Internal  Medicine.  Private  Practice,  Rhinelander,  Wis. 

Maidman,  Leonard,  M.D. ,  Medicine.  Assistant  Attending  Physician,  Norwill 
Hospital,  Norwalk,  Conn. 

Manganiello,  Louis  O.  J.,  M.D.,  Neurological  Surgery.  Associate  Clinkil 
Professor,  Neurosurgery,  Medical  College  of  Georgia,  Augusta,  Ga. 

Marting,  Esther  C.,  M.D.,  Cancer.  Radiologist,  Private  Practice,  Cincinnati, Ohio. 

Mathe,  Charles  Pierre,  M.D.,  Biology.  Private  Practice,  San  Francisco,  Calil 

Mathews,  Charles  R.,  M.D. ,  Pulmonary  Disease.  Private  Practice,  Rochestei 
N.Y. 

Mazzia,  Valentino  Don  Bosco,  M.D.,  Anesthesiology.  Assistant  Attend^ 
Anesthesiologist,  New  York  Hospital,  New  York,  N.Y. 

Mecklin,  B.,  M.D. ,  Biology.  Private  Practice,  Watertown,  N.Y. 

Medivetsky,  Harold  E.,  M.D.,  Allergy.  Assistant  Professor,  Clinical  Medicine, 
University  of  Vermont,  Burlington,  Vt. 

Melamed,  Samuel,  M.D.,  Medicine.  Montefiore  Hospital,  New  York,  N.Y. 

Mendelson,  J.  A.,  M.D.,  Psychiatry.  Superintendent,  Dayton  State  Hospitnl, 
Dayton,  Ohio. 

Mendelson,  Louis  H.,  M.D.,  Internal  Medicine.  Private  Practice,  Springfield, 
Ohio. 

Metz,  Paul,  M.D.,  Biology.  Private  Practice,  Portland,  Ore. 

Meyer,  Bertram  J.,  M.D.,  Gynecology.  Private  Practice,  Santa  Monica,  Calif. 

Meyerstein,  Albert  N.,  M.D.,  Medicine.  Private  Practice,  Farmingdale,  N.Y. 

Michael,  Morris  I.,  M.D.,  Biology.  Private  Practice,  Washington,  D.C. 

Migden,  Jacob  I.,  M.D.,  Biology.  Private  Practice,  New  York,  N.Y. 

Mikelberg,  Rose  R.,  M.D.,  Medicine.  Associate  in  Pediatrics,  Woman’s  Medical 
College  of  Pennsylvania,  Philadelphia,  Pa. 

Miller,  H.  Lloyd,  M.D.,  Obstetrics.  Private  Practice,  Cedar  Rapids,  Iowa. 

Miller,  Max,  M.D.,  Metabolic  Diseases.  Associate  Professor,  Medicine,  Westers 
Reserve  University,  Cleveland,  Ohio. 

Miller,  S.  E.,  M.D.,  Biology.  Private  Practice,  Abington.  Va. 

Mitchell,  Louis  A.,  M.D.,  Biology.  Director  Laboratories,  Newark  Hospital, 
Newark,  Ohio. 

Mixson,  William  T. ,  M.D.,  Medicine.  Private  Practice,  Coral  Gables,  Fla. 

Mogavero,  Francesco,  M.D.,  Surgery.  Chief  Surgeon,  Misericordia  Hospital, 
Philadelphia,  Pa. 

Molano,  Pedro  A.,  M.D.,  Medicine.  Private  Practice,  Rio  Piedras,  Puerto  Rica 

Monaco,  Thomas  C.,  M.D.,  Internal  Medicine.  Instructor,  New  York  Medical 
College,  New  York,  N.Y. 

Monroe,  Stanley  Edwin,  M.D.,  Surgery.  Surgeon,  Monroe  Clinic,  Chula  Vista, 
Calif. 

Moore,  Francis  X.,  M. D. ,  Hematology.  Private  Practice,  Oyster  Bay,  N.Y. 

Morris,  Milton  H.,  M.D.,  Biology.  Cedarhurst  Medical  Center,  Cedarhurst,  N.Y. 

Morse,  Leo  M. ,  M.D.,  Biology.  Private  Practice,  Chicago,  Ill. 

Mulholland,  H.  B.,  M.D.,  Internal  Medicine.  University  of  Virginia,  Charlottes¬ 
ville,  Va. 

Murnaghan,  Donal  P.,  M.D.,  Biology.  Private  Practice,  Toronto,  Ont.,  Canada. 

Newman,  Albert  B.,  M.D.,  Medicine.  Pediatrician,  Woodmere,  N.Y. 

Overbeck,  Reynolds  C.,  B.  A. ,  Biochemistry.  Associate  Consulting  Chemist, 
Biosciences  Division,  Battelle  Memorial  Institute,  Columbus,  Ohio. 

Poetsch,  Chester  E.,  Ph.D.,  Pharmaceutical  Research.  Head,  Pharmaceutical 
Chemistry  Section,  R  and  D  Laboratories,  Smith,  Kline  and  French  Labora¬ 
tories,  Philadelphia,  Pa. 

Pope,  James  B.,  M.D.,  Medicine.  Private  Practice,  Stockton,  Calif. 

Preziosi,  Thomas  James,  M.D.,  Physiological  Chemistry.  Neurologist,  United 
States  Naval  Hospital,  Bethesda,  Md. 

Raaf,  John,  M.D.,  Neurological  Surgery.  Associate  Clinical  Professor,  Surgery, 
University  of  Oregon,  Portland,  Ore. 

Rapaport,  Elliot,  M.D.,  Cardiovascular  Research.  Staff  Physician,  Veterans 
Administration  Hospital,  Albany,  N.Y. 

Reich,  Carl  John,  M.D.,  Medicine.  Private  Practice,  Port  Coquitlam,  D.C., 
Canada. 
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Reiman,  Arnold  S. ,  M.D.,  Physiology.  Assistant  Professor,  Medicine,  Boston 
University,  Boston,  Mass. 

Rissler,  Ross  W.,  M.D.,  Internal  Medicine.  Private  Practice,  El  Paso,  Tex. 

Rock,  Alfonso  D.,  M.D.,  Medicine.  Private  Practice,  Brooklyn,  N.Y. 

Roth,  Harry,  D.D.S.,  Biochemistry.  Assistant  Professor,  Periodontia,  New  York 
University,  New  York,  N.Y. 

Schluger,  Saul,  D.D.S.,  Dentistry.  Associate  Clinical  Professor,  Columbia  Uni¬ 
versity,  New  York,  N.Y. 

Schneider,  Herman,  M.S.,  Parasitology.  Parasitologist,  Cook  County  Hospital, 
Chicago,  Ill. 

Scott,  William  A.,  M.D.,  Psychiatry.  Private  Practice,  Kalamazoo,  Mich. 

Selzer,  Isidore,  M.D.,  Pathology.  Director,  Michigan  Tumor  Registry,  Detroit, 
Mich. 

Severud,  Olaf  J.,  M.D.,  Obstetrics.  Chief,  Obstetrics  and  Gynecology,  M.  I. 
Bassett  Hospital,  Cooperstown,  N.Y. 

Shapiro,  A.  L.,  M.D.,  Medicine.  Assistant  Medical  Examiner,  Office  of  Chief 
Medical  Examiner,  New  York,  N.Y. 

Shepard,  Richard  Blount,  M.D.,  Physiology.  Research  Associate,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

Silverman,  Harold  E.,  M.D.,  Obstetrics.  Instructor,  Gynecology,  Chicago  Medical 
School,  Chicago,  Ill. 

Spar,  Jerome,  Ph.D. ,  Meteorology.  Research  Associate  Professor,  Meteorology, 
New  York  University,  New  York,  N.Y. 

Tomme,  J.  W.,  M.D.,  Medicine.  Private  Practice,  Port  Lavaca,  Tex. 

Tuttle,  Arliss  H.,  M.D.,  Pediatrics.  Assistant  Professor,  University  of  Tennessee, 
Memphis,  Tenn. 

Westman,  James  Ross,  Ph.D.,  Wildlife  Resources.  Professor,  Research  Specialist 
Chairman,  Department,  Wildlife  Conservation  and  Management,  Rutgers  Uni¬ 
versity,  New  Brunswick,  N.J. 

Winter,  Arrien-Gerhard,  Ph.D.,  Microbiology.  Director  of  Research,  Madaus- 
Koln-Merheim,  Deutsche  Gesellschaft,  Cologne,  Germany. 

Zygmuntowicz,  Aniela,  B.A.,  Biochemistry.  Research  Biochemist,  Veterans 
Administration  Hospital,  Bedford,  Mass. 

STUDENT  MEMBERSHIP 

Zimbardo,  Philip  George,  M.S.,  Psychology.  Student,  Yale  University,  New  Haven, 
Conn. 


Elected  October  27,  1955 
LIFE  MEMBERSHIP 

Hoffman,  Henry  L.,  Ph.D.,  Organic  Medicinal  Chemistry.  President,  Hoffman 
Advertising  Inc.,  New  York,  N.Y. 

SUSTAINING  MEMBERSHIP 

Beukenkamp,  Cornelius,  Jr.,  M.D.,  Psychiatry.  Private  Practice,  New  York,  N.Y. 

Debons,  Anthony,  Ph.D.,  Vision,  Experimental  Psychology.  Chief,  Visual 
Displays  Section,  Aeromedical  Laboratory,  Wright  Air  Development  Center, 
Wright-Patterson  A.F.B.,  Ohio. 

Friedman,  Emerick,  M.D.,  Clinical  Psychiatry.  Private  Practice,  Albany,  N.Y. 

Leiser,  Rudolf,  M.D.,  Psychiatry.  Private  Practice,  Dearborn,  Mich. 

Leopold,  Irving  Henry,  M.D.,  Ophthalmology,  Pharmacology.  Professor,  Head, 
Department,  Ophthalmology,  University  of  Pennsylvania,  Philadelphia,  Pa. 

Lepore,  Michael  J.,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 

Uarcotte,  Gaston,  M.D.,  Medicine.  Private  Practice,  Cap  de  la  Madeleine,  P.Q., 
Canada.  > 

Uilliken,  John  A.,  M.D.,  Internal  Medicine.  Ottawa  Civic  Hospital,  Ottawa,  Ont., 
Canada. 
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Mishnun,  Ruth,  B.S.,  Medical  Sciences.  Research  Librarian,  Noyes  and  Spr- 
Inc,,  New  York,  N.Y. 

Seleski,  George  Anthony,  M.D.,  Biology.  Private  Practice,  Sacramento,  Cali, 

Seneriz,  Ramon  H.,  M.D.,  Psychiatry,  Neurology.  Senior  Psychiatrist,  Cluia 
Dr.  M.  Julia,  Inc.,  Hato  Rey,  Puerto  Rico. 

Smith,  Code,  M.D.,  Medicine.  Assistant  Anaesthetist,  Hospital  for  Sick  Childm, 
Toronto,  Ont,,  Canada. 

Spira,  Kurt,  B.S.,  Chemistry,  Biology.  Assistant  Sales  Manager,  Henley  a< 
Company,  New  York,  N.Y. 

Steuermann,  Nicholas,  M.D.,  Medicine.  Plantation  Physician,  Olsa,  Hawaii 

Syden Strieker,  Virgil  Preston,  M.D.,  Hematology.  Professor,  Medicine,  Medici! 
College  of  Gecrgia,  Augusta,  Ga. 

Thompson,  Morris  H.,  M.D.,  Internal  Medicine.  Medical  Associate,  University ol 
Louisville,  Louisville,  Ky. 

ACTIVE  MEMBERSHIP 

Abse,  David  Wilfred,  M.D.,  Psychiatry.  Associate  Professor,  Psychiatry,  Uni¬ 
versity  of  North  Carolina,  Chapel  Hill,  N.C. 

Adair,  Charles  V.,  M.D.,  Internal  Medicine.  Private  Practice,  Mansfield,  Ohio. 

Albano,  James  Robert,  M.D.,  Pathologic  Physiology.  Private  Practice,  Norwalk, 
Calif. 

Albertson,  Mirian  A.,  M.D.,  Protozoology.  Director,  Student  Health,  Winthro; 
College,  Rock  Hill,  S.C. 

Albrecht,  Robert  M.,  M.D.,  Public  Health.  Director,  Bureau  of  Epidemiology  and 
Communicable  Disease  Control,  New  York  State  Department  of  Health,  Albany, 
N.Y. 

Alexander,  Stanley  J.,  M.D.,  Medicine.  Attending  Physician,  Middlesex  Hospital, 
Middletown,  Conn. 

Allen,  Herbert  V.,  Jr.,  M.D.,  Biology.  Private  Practice,  Springfield,  Ohia 

Alvord,  Ellsworth  C.,  Jr.,  Neuropathology.  Chief,  Section  of  Clinical  Newo- 
pathology.  National  Institutes  of  Health,  Bethesda,  Md. 

Amos,  Dennis  Bernard,  B.S.,  Tissue  Transplantation  Immunity.  Senior  Research 
Fellow,  Damon  Runyon  Memorial  Fund,  Buffalo,  N.Y. 

Anderson,  Joseph  E.,  M.D.,  Internal  Medicine.  Private  Practice,  Glean,  N.Y. 

Antos,  Robert  J.,  M.D.,  Medicine.  Director,  Medical  Research.  Good  Samaritan 
Hospital,  Phoenix,  Ariz. 

Arenson,  Nathan,  M.D.,  Radiology.  Chief,  Department,  Radiology,  Sacred  Heart 
Hospital,  Pensacola,  Fla. 

Armstrong,  B.  Irene,  M.D.,  Biology.  Private  Practice,  St.  Marys,  Pa. 

Arnold,  Richard  T.,  Ph.D.,  Orgamic  Chemistry.  Program  Administrator,  Alfred?. 
Sloan  Foundation  Inc.,  New  York,  N.Y. 

Arrington,  Joe  O.,  M.D.,  Medicine.  Assistant  Research  Medicine,  New  York 
Hospital,  New  York,  N.Y. 

Aschheim,  Emil,  M.S.,  Physiology.  Research  Assistant,  U.  S.  Vitamin  Corpora¬ 
tion,  Yonkers,  N.Y. 

Attyah,  Albert  M.,  M.D.,  Cardiology.  Private  Practice,  Lynwood,  Calif. 

Auerswald,  Edgar  H.,  M.D.,  Psychiatry.  Senior  Psychiatrist,  Rockland  State 
Hospital,  Orangeburg,  N.Y. 

Baker,  Charles  J.,  M.D.,  Pediatrics.  Private  Practice,  Fort  Dodge,  Iowa. 

Balea,  Trajan,  D.V.M. ,  Biology.  Scientific  Assistant,  National  Blood  Transfusioo 
Center,  Paris,  France. 

Barany,  Ernst  Herbert,  M.D.,  Physiology.  Professor,  Pharmacology,  Head, 
Pharmacological  Institute,  University  of  Uppsala,  Uppsala,  Sweden. 

Barker,  Stephen,  Biology.  Student,  Reed  College,  Portland,  Ore. 

Barone,  Paul  L.,  M.D. ,  Biology.  Medical  Superintendent,  State  Hospital  No.  3, 
Nevada,  Mo. 

Barr,  Aaron,  M.D.,  Medicine.  Private  Practice,  Brooklyn,  N.Y. 

Baskin,  A.  David,  Ph.D.,  Fungus  Physiology.  Supervisory  Microbiologist 
Quartermaster  Research  and  Development  Center,  Natick,  Mass. 

Beaty,  Graham,  M.D.,  Psychiatry.  Senior  Psychiatrist,  Pilgrim  State  Hospital, 
West  Brentwood,  N.Y. 

Bellwin,  Alexander,  M.D.,  Sterility.  Private  Practice,  Stamford,  Conn. 
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Bernstein,  Benjamin,  M.E.E.,  Electron  Optics.  Supervisory  Electronic  Scientist, 
U.  S.  Naval  Material  Laboratory,  Brooklyn,  N.Y. 

Bernstein,  Seldon  E.,  M.A.,  Immuno-Biology.  Pre-Doctoral  Fellow,  U.  S.  Public 
Health  Service,  Brown  University,  Providence,  R.I. 

Bland,  R.  Earl,  M.D.,  Anthropology,  Oceanography.  Private  Practice,  Columbus, 
Ohio. 

Bisada,  Albert  A.,  Biology.  Technician,  Pharmacology,  Leberco  Laboratories, 
Roselle  Park,  N.J. 

Buscemi,  Michael  D.,  M.D.,  Biology.  Post  Surgeon,  Commanding  Officer,  U.  S. 
Army  Infirmary,  White  Sands  Proving  Ground,  N.M. 

Carere,  Romulus  Peter,  M.D.,  Medicine.  Assistant  Resident,  Medicine,  Ottawa 
General  Hospital,  Ottawa,  Ont.,  Canada. 

Chen,  Graham,  D.Sc. ,  Neuropharmacology.  Laboratory  Director,  Parke,  Davis  and 
Company,  Detroit,  Mich. 

Christian,  Howard  H.,  M.A. ,  Biology.  Research  Scientist,  Smith,  Kline  and 
French  Laboratories,  Philadelphia,  Pa. 

Christman,  John  F.,  Ph.D.,  Microbial  Physiology.  Associate  Professor,  Bio¬ 
chemistry,  Louisiana  State  University,  Baton  Rouge,  La. 

Climo,  Samuel,  M.D.,  Plastic  Surgery.  Plastic  Surgeon,  Hospital  of  St.  Raphael, 
New  Haven,  Coim. 

Corbeille,  Catherine,  M.D.,  Medicine.  Private  Practice,  Detroit,  Mich. 

Crisler,  George  R.,  M.D.,  Internal  Medicine.  Private  Practice,  Winter  Park,  Fla. 

Dale,  Paul  W.,  M.D.,  Medicine.  Private  Practice,  Stamford,  Conn. 

Dantzig,  Henry,  M.D.,  Biology.  Private  Practice,  Lambertville,  N.J. 

Davis,  Dorlatkl  J.,  M.D.,  Infectious  Diseases.  Chief,  Laboratory  of  Infectious 
Diseases,  National  Institutes  of  Health,  Bethesda,  Md. 

Deutsch,  Stanley,  Ph.D  ,  Physiology.  School  of  Medicine,  Boston  University, 
Boston,  Mass. 

Doggett,  Margcuet  C.,  B.A.,  Biochemistry.  Research  Scientist,  Smith,  Kline  and 
French  Laboratories,  Philadelphia,  Pa. 

Dowben,  Robert  Morris,  M.D.,  Biophysics.  Director,  Radioisotope  Unit,  Veterans 
Administration  Hospitad,  Philadelphia,  Pa. 

Dulkin,  Sol  I.,  Ph.D.,  Biochemistry.  Technical  Director,  Chem-Tech  Laboratories, 
Beverly  Hills,  CaJif. 

Dwjer,  Evelyn  A.,  M.S.,  Tissue  Culture.  Manager,  Virus  Control,  Sharp  and 
Dohme  Inc.,  West  Point,  Pa. 

Epstein,  Mary  S.,  M.A.,  Public  Health.  Instructor,  Hunter  College,  New  York,  N.Y. 

Feiris,  Alice  J.,  M.D.,  Medical  Research.  Medical  Department,  Geigy  Pharma¬ 
ceuticals,  New  York,  N.Y. 

Fogelman,  Morris  J.,  M.D.,  Physiology.  Associate  Professor,  Surgery,  South¬ 
western  Medical  School,  Dallas,  Tex. 

Forrester,  Frank  H.,  Meteorology.  Deputy  Manager,  American  Museum  —  Hayden 
Planetarium,  New  York,  N.Y. 

Frank,  Charles  W.,  M.D.,  Biology.  Private  Practice,  New  York,  N.Y. 

Furr,  John  H. ,  M.D.,  Psychology.  Resident  in  Psychiatry,  The  Institute  of 
Living,  Hartford,  Conn. 

Goldberg,  Harold  H.,  M.D.,  Biology,  Psychology.  Senior  Resident,  Neurology, 
Mt.  Sinai  Hospital,  New  York,  N.Y. 

Goldhamer,  Richard  E.,  B.S.,  Pharmacology.  Research  Assistant,  U.  S.  Vitamin 
Corporation,  Yonkers,  N.Y. 

Goldman,  Henry  M.,  D.M.D.,  Oral  Pathology.  Director,  Riesman  Dental  Clinic,’ 
Beth  Israel  Hospital,  Boston,  Mass. 

Goldman,  Manuel,  M.  S.,  Bacterial  Physiology.  Graduate  Assistant,  Illinois 
Institute  of  Technology,  Chicago,  Ill. 

Granitsas,  Andreas,  M.D.,  Experimental  Physiology.  Research  Fellow,  Bureau 
of  Biological  Research,  Rutgers  University,  New  Brunswick,  N.J. 

Griesemer,  Robert  Daniel,  M.D.,  Biochemistry.  Instructor,  Dermatology,  Harvard 
University,  Boston,  Mass. 

Gross,  Martin,  M.D.,  Biology,  Psychiatry.  Psychiatrist,  Springfield  State  Hospi¬ 
tal,  Sykesville,  Md. 

Grossbard,  Erna,  Ph.D.,  Microbiology.  Lecturer,  University  of  Leeds,  Leeds, 
England. 
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Haddy,  Francis  J.,  M.D.,  Cardiovascular  Physiology.  Assistant  ProfesMT 


Northwestern  University,  Chicago,  Ill. 


Hall,  Charles  E.,  Ph.D.,  Endocrinology.  Professor,  University  of  Texas  MediciL 


School,  Galvestm,  Tex. 

Hamerman,  David,  M.D.,  Mucoproteins.  New  York,  N.Y. 

Hand,  Samuel  A.,  M.D.,  Geriatrics.  Private  Practice,  New  Rochelle,  N.Y. 
Helff,  O.  M.,  Ph.D.,  Biology.  New  York  University,  New  York,  N.Y. 

Hoffman,  William,  M.D.,  Surgery.  Attending  Staff,  Surgery,  Brooklyn  Hospitils. 
Brooklyn,  N.Y. 


Huntsman,  Doris  B.,  B.S.,  Biochemistry.  Research  Scientist,  Smith,  Kline  ai^ I  ^2*^ 


French  Laboratories,  Philadelphia,  Pa. 

Jackman,  Allen  William,  M.D.,  Medicine.  Staff  Physician,  Veterans  Administn- 
tion,  Downey,  Ill. 

Jacobson,  Samuel  M. ,  M.D.,  Internal  Medicine.  Private  Practice,  Cumberland,  ltd. 

Kaiser,  Joseph  A.,  Ph.D.,  Pharmacology.  Staff  Pharmacologist,  Pfizer  Therapeutic 

Institute,  Maywood,  N.J.  ***** 

Katz,  Hannah  L.,  M.D.,  Psychiatry,  Sociology.  Child  Guidance  Psychiatritt, 

New  York  State  Department  of  Mental  Hygiene,  Cornwall-on-Hudson,  N.T.  ***‘^^ 

Katz,  Jay  Harris,  M.D.,  Medicine.  Research  Fellow,  Harvard  Medical  &hool, 
Boston,  Mass. 

Kaufman,  S.  F.,  M.D.,  Biology.  Private  Practice,  San  Jose,  Calif. 

Kessler,  Stanley,  M.S.,  Physiology.  Literature  Searcher,  The  National  I>n;{ 
Company,  Philadelphia,  Pa. 

Ketchum,  Jesse,  M.D.,  Obstetrics.  Private  Practice,  Windsor,  Ont.,  Canada. 

Knoppers,  Antonie  T.,  M.D.,  Pharmacology,  Medicine.  Director,  Scientific 

Activities,  Merck-Sharp  and  Dohme  International  Division,  Merck  and  Company, 
Rahway,  N.J. 

Kogan,  Milton  W.,  M.D.,  Medicine.  Private  Practice,  Oswego,  N.Y. 

Kohn,  Cecil  M.,  M.D. ,  Internal  Medicine.  Private  Practice,  Kansas  City,  Ma 

Kojis,  Ferdinand  George,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 

Kolansky,  Harold,  M.D.,  Psychiatry.  Private  Practice,  Philadelphia,  Pa. 

Komninos,  Zacharias  D.,  M.D.,  Hematology.  Director,  Blood  Transfusion  Service. 
Hospital  Alexandra,  Athens,  Greece. 

Kosinski,  Alexander  A.,  M.D. ,  Medical  Laboratory  Diagnosis.  Pathologist, 
Charles  S.  Wilson  Memorial  Hospital,  Johnson  City,  N.Y. 

Koyoumdjisky,  Edith,  D.M.D.,  Biology.  Research  Fellow,  School  of  Dental  and 
Oral  Surgery,  Columbia  University,  New  York,  N.Y. 

Kramer,  Milton  Lurie,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 

Krueger,  Kenneth  W.,  M.D. ,  Medicine.  Chief,  Medicine,  Byerly  Hospital,  Harts- 
ville,  S.C. 

Kunik,  I.  Jordan,  LL.B.,  Physics,  Chemistry.  Patent  Lawyer,  New  York,  N.Y. 

Kuninobu,  James  Toshiyuki,  M.D.,  Medicine.  Consulting  Staff,  Obstetrics, 
Gynecology,  Queen’s  Hospital,  Honolulu,  Hawaii. 

Kurashige,  Wilfred  H.,  M.D.,  Mycology,  Dermatology.  Private  Practice,  Honolulu, 
Hawaii. 

Kursban,  Nathan  J.,  M.D.,  Biology.  Jewish  Hospital,  Cirtcinnati,  Ohio. 

Landesman,  Robert,  M.D. ,  Obstetrics,  Gynecology.  Assistant  Professor,  Ob¬ 
stetrics,  Gynecology,  Cornell  University  Medical  College,  New  York,  N.Y. 

Laqueur,  Gert  Ludwig,  M.D. ,  Pathology,  Endocrinology.  Chief,  Pathology, 
Atomic  Bomb  Casualty  Commission,  Japan. 

LaRoe,  Earl  Gordon,  B.A. ,  Irxlustrial  Microbiology.  Research  Microbiologist, 
Fermentation,  Research  Division,  National  Distillers  ProdiKts  Corporation, 
Cincinnati,  Ohio. 

Laubach,  Gerald  D. ,  Ph.D.,  Medicinal  Chemistry.  Research  Supervisor,  Chas. 
Pfizer  and  Company  Inc.,  Brooklyn,  N.Y. 

Leavell,  Byrd  S.,  M.D.,  Internal  Medicine.  Professor,  Internal  Medicine,  Uni¬ 
versity  of  Virginia,  Charlottesville,  Va. 

Lemberg,  Louis,  M.D.,  Cardiology.  Assistant  Clinical  Professor,  Medicine,  Uni¬ 
versity  of  Miami,  Coral  Gables,  Fla. 

Light,  George,  M.D.,  Biology.  Private  Practice,  Milwaukee,  Wis. 

Likoff,  William,  M.D.,  Medicine.  Associate  Professor,  Medicine,  Hahnemann 
Medical  College,  Philadelphia,  Pa. 
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Linkow,  Leonard  I.,  D.O.S.,  Dentistry.  F*rivate  Practice,  Kew  Gardens  Hill,  N.Y. 
Upton,  Roger  A.,  M.D.,  Allergy.  Private  Practice,  Brooklyn,  N.Y. 

Lobstein,  Otto  E.,  Ph.D.,  Biochemistry.  Director,  Research,  Chem-Tech  Labora¬ 
tories,  Beverly  Hills,  Calif. 

I  London,  Ivan  D.,  Ph.D.,  Psychology.  Assistant  Professor,  Brooklyn  College, 
Brooklyn,  N.Y. 

[  Lon^treth,  Clyde  Marion,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 
[  Lufflb,  Ethel  Sue,  Ph.D.,  Zoology.  Assistant  Professor,  Zoology,  Vassar  College, 
[  Poughkeepsie,  N.Y. 

I  IfcGuire,  James  K.,  M.A.,  Climatology.  Northeast  Area  Climatologist,  U.  S. 
f  Weather  Bureau,  New  York,  N.Y. 

'  HcHale,  Joseph  J.,  M.D.,  Obstetrics.  Private  Practice,  Washington,  D.C. 

“  Uclntyre,  A.  R.,  M.D.,  Physiology.  Professor,  Physiology,  Pharmacology,  Chair¬ 
man,  Department,  Physiology,  Pharmacology,  University  of  Nebraska,  Omaha, 
Neb. 

Uadcay,  N.  R.,  M.D. ,  Pediatrics.  Physician  in  Charge,  Childrens  Ward,  Welling¬ 
ton  Hospital,  Wellington,  New  Zealand. 

UacMahon,  Brian,  M.D.,  Biology.  Associate  Professor,  Environmental  Medicine, 
Community  Health,  State  University  of  New  York,  Brooklyn,  N.Y. 

Malherbe,  Willem  Daniel,  B.V.Sc.,  Veterinary  Medicine.  Senior  State  Veterinarian, 
University  of  South  Africa,  Professor,  Veterinary  Medicine,  University  of 
Pretoria,  Pretoria,  South  Africa. 

Ualin,  Bernard,  Ph.D.,  Microbiology.  Research  Microbiologist,  Lilly  Research 
Laboratories,  Eli  Lilly  and  Company,  Iixlianapolis,  Ind. 

Margen,  Sheldon,  M.D.,  Metabolic  Research.  Associate  Research  Biochemist, 
Department,  Physiological  Chemistry,  University  of  California,  Berkeley, 
Calif. 

Martin,  Paul,  M.D. ,  Pathology.  Director,  Laboratories,  Hospital  Saint -Luc, 
Montreal,  P.Q.,  Canada. 

Masson,  Jack  W.,  M.D.,  Biology.  Private  Practice,  Los  Angeles,  Calif. 

Mecca,  Sebastian  B.,  B.S.,  Chemistry.  Chemical  Director,  Schuylkill  Chemical 
Company,  Philadelphia,  Pa. 

Hech,  Edmund  V.,  Ph.D.,  Educational  Psychology.  Assistant  Professor,  College 
of  Education,  University  of  Oklahoma,  Norman,  Okla. 

Mermagen,  Herbert,  M.D.,  Radiation  Biology.  Assistant  Professor,  Radiation 
Biology,  Atomic  Energy  Project,  University  of  Rochester,  Rochester,  N.Y. 
Metcalf,  William,  M.D. ,  Surgery.  Assistant  Professor,  Surgery,  Einstein  College 
of  Medicine,  Yeshiva  University,  New  York,  N.Y. 

Meyer,  A.  H. ,  M.D.,  Biology.  Assistant  Superintendent,  Highland  Alameda  County 
Hospital,  Oakland,  Calif. 

Merger,  Hans  Joseph,  M.D.,  Internal  Medicine.  Private  Practice,  Philadelphia, 
Pa. 

Hillman,  Milton,  M.D.,  Bacterial  Allergy.  Private  Practice,  San  Diego,  Calif. 
Minnig,  Donald  I.,  M.D.,  Orthopedics.  Private  Practice,  Akron,  Ohio. 

Missal,  Morris  E. ,  M.D.,  Internal  Medicine.  Private  Practice,  Rochester,  N.Y. 
Monson,  Keyne  P.,  M.D.,  Biology.  Private  Practice,  Hayward,  Calif. 

Moran,  Neil  Clymer,  M.D.,  Pharmacology.  Head,  Section,  Pharmacodynamics, 
Laboratory  of  Chemical  Pharmacology,  National  Heart  Institute,  Bethesda,  Md. 
Morgan,  Frank  Mattison,  M.D,,  Internal  Medicine.  Private  Practice,  Glendale, 
Calif.  , 

Morris,  Harold  C. ,  M.D.,  Internal  Medicine.  Fhivate  Practice,  Louisville,  Ky. 
Morris,  Lucien  E.,  M.D. ,  Anesthesiology.  Professor,  Anesthesiology,  University 
of  Washington,  Seattle,  Wash. 

Morton,  Paul  H.,  M.D.,  Internal  Medicine.  Private  Practice,  Coronado,  Calif. 
Myers,  W.  P.  Laird,  M.D. ,  Metabolic  Diseases.  Assistant,  Sloan  Kettering 
Institute,  New  York,  N.Y. 

Nugen,  Harold,  M.D.,  Surgery.  Private  Practice,  Auburn,  Ind. 

Oseasohn,  Robert,  M.D. ,  Clinical  Medicine.  Attending  Physician,  Boston 
Veterans  Administration  Hospital,  Boston,  Mass. 

Osroun,  James  W.,  M.S.,  Meteorology.  Assistant  Regional  Director,  U.  S.  Weather 
Bureau,  New  York,  N.Y. 

Park,  Lewis  Charles,  M.D.,  Internal  Medicine.  Attending  Physician,  Queens 
General  Hospital,  Jamaica,  N.Y. 
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Perelman,  Julius  Samuel,  M.D.,  Psychoanalysis.  Private  Practice,  Newark,  N.J. 

Pincus,  Jerome,  M.D.,  Nutrition.  Private  Practice,  Cedarhurst,  N.Y. 

Polin,  Donald,  Ph.D. ,  Physiology.  Research  Associate,  Merck  Institute  la 
Therapeutic  Research,  Rahway,  N.J. 

Pomer,  S.  L.,  M.D.,  Biology.  Private  Practice,  Beverly  Hills,  Calif. 

Preefer,  Charles  J.,  M.D.,  Ophthalmology.  Director,  Ophthalmology,  Mercy  Hospi¬ 
tal,  Rockville  Center,  N.Y. 

Price,  Vincent  E. ,  M.D.,  Biochemical  Research.  Head,  Enzymes  and  Metabolise 
Section,  Laboratory  of  Biochemistry,  National  Cancer  Institute,  Bethesda,  Md. 

Prigot,  Aaron,  M.D.,  Surgery.  Associate  Visiting  Surgeon,  Harlem  Hospital,  Nee 
York,  N.Y. 

Prota,  Carl  D.,  Biology.  Graduate  Assistant,  Fordham  University,  New  York,  N.Y. 

Quinlan,  John  J.,  M.D.,  Medicine,  Cardiology.  St.  Mary’s  Hospital,  Troy,  N.Y. 

Reed,  Donald,  M.D.,  Pediatrics.  Private  Practice,  Irvington,  N.Y. 

Robbin,  Stanley  R.,  M.D.,  Medicine.  Private  Practice,  New  York,  N.Y. 

Rohen,  Mortimer  B.,  M.D.,  Allergy.  Private  Practice,  Brooklyn,  N.Y. 

Ronwin,  Edward,  Ph.D.,  Chemistry.  Assistant  Professor,  Chemistry.  Ut.  St. 
Mary’s  College,  Los  Angeles,  Calif. 

Rosen,  Charles  D.,  M.D.,  Hypertensive  Cardiovascular  Diseases.  Private  Practice, 
East  Orange,  N.J. 

Rosenkilde,  Herbert,  M.D.,  Endocrinology.  Pharmacologist,  Verona,  N.J. 

Rosenthal,  Ira  M.,  M.D.,  Medicine.  Associate  Professor,  Pediatrics,  University 
of  Illinois,  Chicago,  Ill. 

Rube,  Pierre  Adolphe,  M.D.,  Psychiatry.  Morrisania  Hospital,  New  York,  N.Y. 

Russell,  Findlay  E.,  M.D.,  Biology.  Psychologist,  Institute  of  Medical  Re¬ 
search,  Huntington  Memorial  Hospital,  Pasadena,  Calif. 
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Salomon,  Alexander,  M.D.,  Pulmonary  Physiology.  Staff  Physician.  Chief,  Cardio-  I 
Pulmonary  Physiology  Department,  Suburban  Cook  County  Tuberculosis  [ 
Sanitarium  District,  Hinedale,  Ill. 

Samuels,  Monroe  S.,  M.D.,  Hematology.  Assistant  Professor,  Pathology,  Louisiana  ’ 
State  University,  School  of  Medicine,  New  Orleans,  La. 

Sawaya,  Paulo,  M.D.,  Comparative  Physiology.  Director,  Department  de  Fisiologia  ^ 
Geral  e  Animal,  University  of  Sao  Paolo,  Sao  Paulo,  Brazil. 

Schaeffer,  Katherine,  Ph.D.,  Cytology.  Research  Associate,  University  of  : 
Pennsylvania,  Philadelphia,  Pa. 

Schaffner,  Bertram,  M.D.,  Psychoanalysis.  Private  Practice,  New  York,  N.Y-  j 
Schetlin,  Charles  Francis,  M.D.,  General  Surgery.  Assistant  Attending,  Chief  of  j 
Surgery,  B  Clinic,  St.  Luke’s  Hospital,  New  York,  N.Y.  [ 

Schiff,  Leon,  M.D.,  Medicine.  Professor,  Clinical  Medicine,  University  of  r 
Cincinnati,  Cincinnati,  Ohio.  ! 

Schlesinger,  Anna  Mirkin,  M.D.,  Adolescent  Medicine.  Attending  Physician, 
Bellevue  Hospital,  New  York,  N.Y. 

Schoen,  Arthur  M.,  M.D.,  Gastroenterology.  Assistant  Professor,  Medicine,  Uni¬ 
versity  of  Loxiisville,  School  of  Medicine,  Louisville,  Ky. 

Schueller,  Charles  Joseph,  M.D.,  Anthropology.  Surgeon,  Dubuque,  Iowa.  1 

Schultz,  Samuel,  M.D.,  Biology.  Private  Practice,  St.  Louis,  Mo.  I 

Schwimner,  Morton,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y.  * 
Schwarz,  Julius,  M.D. ,  Biology.  Private  Practice,  Monticello,  N.Y. 

Scofield,  Dean  S. ,  M.D.,  Internal  Medicine.  Private  Practice,  Los  Angles,  Calif. 
Segall,  Sydney,  M.D.,  Biology.  Private  Practice,  Montreal,  P.Q.,  Canada.  I 

Seidel,  Herman,  M.D.,  Biology.  Private  Practice,  Baltimore,  Md. 

Selverstone,  Norman  J.,  M.D.,  Internal  Medicine.  Private  Practice,  Cambridge,  [ 
Mass.  I 

Seyler,  A.  G.,  M.D.,  Pulmonary  Diseases.  James  O.  Parramore  Hospital,  Crown  ■ 
Point,  Ind.  | 

Shalsha,  Kurt  G.,  M.D.,  Biology.  Private  Practice,  New  York,  N.Y. 

Shapiro,  Albert  B. ,  M.D.,  Internal  Medicine.  Chief  of  Medicine,  Newcomb  Hospi-  ; 

tal,  Vineland,  N.J.  I 

Shenson,  Ben,  M.D.,  Internal  Medicine.  Associate  Clinical  Professor,  Medicim,  | 
Stanford  School  of  Medicine,  Stanford,  Calif.  [ 

Sherk,  Abraham  L.,  M.D.,  Psychiatry.  Private  Practice,  Camden,  N.J.  [ 
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Sherman,  L.,  M.D.,  Internal  Medicine.  Attending  Physician,  Royal  Alexandra 
Hospital,  Eklmonton,  Alta.,  Canada. 

Shifrin,  Alexander,  M.D.,  Biology.  Private  Practice,  Kansas  City,  Mo. 

Shnider,  S.  M.,  M.D. ,  Medicine.  Private  Practice,  Swift  Current,  Sask.,  Canada. 
Shnitka,  Theodor  K.,  M.D. ,  Medical  Sciences.  Instructor,  Department  of  Pathology, 
University  of  Alberta,  Edmonton,  Alta.,  Canada. 

Shpiner,  Leonard  B.,  M.D.,  Internal  Medicine.  Private  Practice,  Kankakee,  Ill. 
Shisterman,  Morris,  M.D.,  Medicine.  Department,  Ophthalmology,  St.  Joseph's 
Hospital,  Toronto,  Ont.,  Canada. 

Shute,  W.  B.,  M.D.,  Gynecology.  Private  Practice,  Ottawa,  Ont.,  Canada. 

Silverman,  Irving,  M.D.,  Surgery.  Private  Practice,  Brooklyn,  N.Y. 

Simecek,  Victor  H.,  M.D.,  Psychiatry.  Private  Practice,  Modesto,  Calif. 

Simmel,  Eva  Barbara,  B.  A.,  Cancer  Research.  Research  Assistant,  Sloan  Ketter¬ 
ing  Institufe  of  Cancer  Research,  New  York,  N.Y. 

Simon,  Harold  J.,  M.D.,  Medicine.  Assistant  Resident,  Medicine,  New  York  Hos¬ 
pital,  New  York,  N.Y. 

Slai^hter,  John  C.,  Jr.,  M.D.,  Dermatology,  Mycology.  Private  Practice,  Evans¬ 
ville,  Ind. 

Susie,  Leroy  E.,  M.D.,  Obstetrics,  Gynecology.  Private  Practice,  Bakersfield, 
Calif. 

Small,  S.  Mouchly,  M.D.,  Psychiatry.  University  of  Buffalo,  Buffalo.  N.Y. 

Smith,  Russell,  M.D.,  Biology.  Private  Practice,  Piney  River,  Va. 

Sniffen,  Ronald  C.,  M.D. ,  Medicine.  Director,  Laboratories,  Memorial  Hospital, 
Worcester,  Mass. 

Snyder,  Robert  A.,  M.D.,  Medicine.  Instructor  in  Medicine,  Northwestern  Uni¬ 
versity,  Medical  School,  Evanston,  Ill. 

Song,  Y.  S.,  M.D.,  Pathology.  Instructor,  Pathology,  University  of  Tennessee, 
Medical  School,  Memphis,  Tenn. 

Sparks,  A.  R.,  M.D. ,  Chemistry.  Private  Practice,  Little  Rock,  Ark. 

Spatt,  Samuel  D.,  M.D.,  Medicine.  Private  Practice,  Brooklyn,  N.Y. 

Spellberg,  Mitchell  A.,  M.D.,  Internal  Medicine.  Private  Practice,  Chicago,  Ill. 
Spitz,  Bernard  L.,  M.D.,  Biology.  Instructor,  Post  Graduate  Medical  School,  New 
York  University,  New  York,  N.Y. 

Stair,  Robert  R.,  M.D.,  Medicine.  Staff  Member,  Howard  Clinic,  Glasgow,  Ky. 
Stearns,  Frederic  R.,  M.D. ,  Prognosis.  Vice  President,  Medical  Director,  Secirity 
Benefit  Life  Insurance  Company,  Topeka,  Kan. 

Stefanini,  Mario,  M.D.,  Hematology.  Associate  Professor,  Medicine,  Tufts  Uni¬ 
versity  Medical  School,  Boston,  Mass. 

Stein,  Seymour  Norman,  M.D.,  Physiology.  Head,  Physiology  Division,  Naval 
Medical  Research  Institute,  Bethesda,  Md. 

Stevens,  John  I.,  Ph.D.,  Organic  Chemistry.  Senior  Research  Chemist,  J.  T. 

Baker  Chemical  Company,  Phillipsburg,  N.J. 

Strean,  George  Joshua,  M.D.,  Biology,  Physics,  Chemistry.  Assistant  Professor, 
Obstetrics,  Gynecology,  McGill  University,  Montreal,  P.Q.,  Canada. 

Sumrell,  Gene,  Ph.D.,  Organic  Chemistry.  Senior  Research  and  Development 
Chemist,  J.  T.  Baker  Chemical  Company,  Phillipsburg,  N.J. 

Sussman,  Ralph  M.,  M.D.,  Medicine.  Associate  Physician,  Beth  Israel  Hospital, 
New  York,  N.Y. 

Swirsky,  Morgan  Yale,  M.D.,  Internal  Medicine.  Private  Practice,  New  Haven, 
Conn.  \ 

Tarlau,  Milton,  M.D.,  Neurology.  Attending  Neurologist,  Goldwater  Memorial 
Hospital,  New  York,  N.Y. 

Taylor,  Robert  D. ,  M.D.,  Cardiovascular  Diseases.  Associate  Professor,  Medi¬ 
cine,  Marquette  University  Medical  School,  Milwaukee,  Wis. 

Torrey,  Gilberta  G.,  M.A.,  Biological  Chemistry.  E.  I.  du  Pont  de  Nemours  and 
Company,  Newark,  Del. 

Traut,  Eugene  F.,  M.D. ,  Internal  Medicine.  Private  Practice,  Chicago,  Ill. 
Waldniger,  Emanuel,  M.D.,  Medicine.  Medical  Director,  Saybrook  Institute,  Old 
Saybrook,  Coim. 

Walton,  J.  Dahne,  B.A.,  Anthropology.  Layman,  Elmhurst,  Ill. 

Wells,  Marilyn,  M.D.,  Hematology.  Resident,  Hematology,  New  York  Hospital, 
New  York,  N.Y. 
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Whitehouse,  Fred  W.,  M.O.,  Internal  Medicine.  Associate  Physician,  Henry  FoK 
Hospital,  Detroit,  Mich. 

Whitfield,  George  B.,  Jr.,  Ph.D.,  Antibiotics  Research.  Research  Chemist,  Th 
Upjohn  Company,  Kalamazoo,  Mich. 

Zbinovsky,  Valdimir,  Ph.D.,  Biochemistry.  Research  Chemist,  Personal  Prodoe^ 
Company,  Milltown,  N.J. 

Zubin,  Joseph,  Ph.D.,  Experimental  Psychology.  Columbia  University,  New  Yof^| 
N.Y. 


STUDENT  MEMBERSHIP 

Dal  Cortivo,  Leo  A.,  M.S.,  Analytical  Chemistry.  Graduate  Student,  FordhanUii>i 
versity.  New  York,  N.Y. 

Landau,  Ben,  B.A.,  Microbiology.  Medical  Student,  Columbia  University,  CoUanj 
of  Physicians  and  Surgeons,  New  York,  N.Y. 

Levine,  Leonard,  B.S. ,  Nerve  Muscle  Physiology.  Graduate  Student,  Coluailii)| 
University,  New  York,  N.Y. 

Mufson,  Maurice  Albert,  B.A.,  Medicine.  Student,  New  Y«'k  University  CollefiJ 
of  Medicine,  New  York,  N.Y. 

Olson,  Barbara  A.,  B.S.,  Neurophysiology.  Student,  Columbia  University  CoUtf^ 
of  Physicians  and  Surgeons,  New  York,  N.Y. 
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